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Photographic Techniques in Radar Meteorology 


Myron G. H. Lipa anp Jamzs D. Suttivan, Department of Oceanography and 
Meteorology, Texas A & M College, College Station, Texas 


Photographic recording techniques have been devised for radar meteorological observations 
which make possible the detection of transient echoes from lightning discharges, flash-flood- 
producing storms, and the horizontal distribution of precipitation in different layers of the at- 
mosphere, etc. Such diverse techniques as time lapse, time exposure, high-speed continuous 
strip, image addition and subtraction, color, and rapid process photography have been em- 


ployed effectively and are described. 


Since World War II, radar has become one of the most 
versatile and useful methods of local weather detec- 
tion available to the meteorologist. Much of the 
progress in this area of meteorology has depended on 
the availability of radarscope photographs, since no 
other method of recording radar data is so generally 
adaptable and inexpensive, nor so amenable to analysis 
andeasy interpretation. However, radarscope photo- 
graphs were useful only for research and teaching pur- 
poses until rapid-access systems, such as the Polaroid- 
Land and Kenyon Rapromatic, became available. 
With their advent, operational applications of radar- 
scope photography materialized. It is anticipated 
that weather radar equipment will not be considered 
complete in the future unless it provides some type 
of capability. Photography, however, 
will be in competition, in some applications, with 
other data storage systems employing memory tubes 
and magnetic tapes. 


Principles of Radarscope Photography 


The exact technique used to photograph a radar in- 
dicator depends on the type of display being used and 
the ultimate function of the photograph. Radar in- 
dicator displays are divided into two classes: ampli- 
tude modulated and intensity modulated. 

In amplitude modulated displays (A, R, and J types 
of scopes), the electron beam is maintained at constant 
intensity and is moved across the cathode ray tube 
(CRT) phosphor at a rate proportional to the intensity 
of the signal and (usually) the time period during 
which it is received. This yields information about 
signal strength at a given range. Such displays are 
photographed with normal speed films at about f/3.6 
and in a fraction of a kt Photographs of this 


Presented at the Annual Conference, Asbury Park, N.J., 9 September 
1957. Received 12 August 1957. Contribution from the Depart- 
ment of Oceanography and Meteorology, Texas A & M College, 
Oceanography and Meteorology Series No. 113, based on investiga- 
tions conducted for the Texas A & M Research Foundation through 
the sponsorship of the Geophysics Research Directorate of the Air 
Force Cambridge Research Center, Air Research and Development 
Command, under Contract No. AF 19(604)-1564. 


type have only very specialized use in radar meteor- 
ology research and need not be considered further in 
this paper. 

In intensity modulated indicators, the strength of 
the echo signal is used to vary the intensity of the 
electron beam. Since the scope face has essentially a 
plane surface, the horizontal or vertical location of the 
echo source can be determined from grid coordinates. 
If the indicator is used to show horizontal location, 
the scope is called a Plan Position Indicator (PPI) 
scope; if the height and distance of the target are 
displayed, it is called a Range Height Indicator (RHI) 
scope. A number of seconds are required for a radar 
unit to scan a given “‘surface’’ in space and, therefore, 
the radarscope camera shutter must be kept open dur- 
ing the scanning cycle while the electron beam 
‘‘paints’’ the display. A conventional, fast, black- 
and-white film, such as Kodak Tri-X may be used. 
An exposure of 5 to 10 sec at f/5.6 is common in this 
type of work. Examples of typical PPI and RHI pic- 
tures are shown in Fig. 1. We need not concern our- 
selves further with methods of RHI photography, as 
virtually all applications of PPI photography may 
be applied to the vertical display, if desired. 


Photography for Research 


Along the Gulf and Atlantic coasts of the United 
States, hurricanes often occur during summer months; 
in the Midwestern states tornadoes are prevalent, and 
in the Northwest, cyclones move in from the Pacific 
Ocean with almost monotonous regularity during 
some seasons. 

The Air Weather Service of the U.S. Air Force, the 
U.S. Weather Bureau, and the U.S. Navy operate 
dozens of radar posts to observe these storms. Cur- 
rently, radar storm reports for operational use 
(RAREPS) are verbal, plain-language descriptions of 
what the observers see on the scopes. The echo 
patterns, however, are often so complex and time 
is so limited, that these RAREPS are practically use- 
less for research purposes. Also, the men that make 
the observations and reports cannot be the ones to 
carry out the research studies. 
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Fig. 1. PPI (left) and RHI radarscope photographs showing summertime showers about 10,000 ft high from northeast through south of the station, ed 
Range mark interval 25 miles in both pictures. The RHI picture was taken toward azimuth 73° as indicated by the bright radial line on the PPI scope. ra | 
(Pictures were made by Polaroid process.) poss: 


Accordingly, radarscope photography is extensively are collected and analyzed to make possible more 
employed to provide accurate, permanent records of accurate and timely analysis in the future. 
the displays for laterexamination. By this means the Perhaps the most useful radarscope photographic vals 
research worker in Massachusetts or Texas can study record for this purpose is a PPI motion picture. Spe- may 
the displays of radarscopes recorded during the cial 16 or 35mm cameras are employed which record Fi 


ia teenil in Florid f do j each 360° scan of the display on one frame of film. tive 
Kansas. In the leisure of the laboratory, months mately 8640 frames or about 500 ft of 35mm film are ‘inn 


after the storm has died, the scattered observations consumed per 24-hr period. 


1004 100 1012 


Fig. 2. A “composite” radarscope picture (left) made from prints of negatives simultaneously exposed at six different radar stations. The rain pat- revea 
tern of the storm may be compared with indications on a regular weather map (right) which was prepared without benefit of the radar observations. pecte 
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When shown at the rate of 16 or 24 frames/sec, a 
day's record can be viewed in about 5 min; this is a 
time contraction of several hundred times.* What 
is even more important, the analyst can “‘run time 
backwards’’ and study the inconspicuous origins of 
significant or interesting formations. Film can be 
run over and over to study the velocity of storm 
elements in different areas, the lifetimes of different 
formations, and many other factors which cannot be 
given attention while the storm is being tracked. 
Keen insight into the structure and circulations of 
storms has been gained from motion pictures. 
Motion and structure studies are only a part of the 
value that can be derived from the cinérecord. Simul- 
taneously exposed frames can be identified on similar 
records from different stations in the same region, and 
prints made from them can be assembled into ‘‘com- 
posite radarscope pictures.” These, as may be 
seen in Fig. 2, show the entire dimensions of large 
storms which cannot be wholly detected from one 
station, Owing to the curvature of the earth. Such 
“radar weather maps’’ are now being examined as a 
possible means for improving the accuracy of short 
range (one or two-day) weather forecasting. 

Several interesting techniques have been developed 
for analyzing time-lapse PPI films. For example, to 
reveal movements of a storm that occur during inter- 
vals of several tens of minutes, the following process 
may be used: 

First, a positive print is made of the original nega- 
tive time-lapse motion picture film. Dark areas on 
the radarscope are opaque on this copy, and precipita- 
tion areas or echoes are transparent. The positive 
copy is put into a strip film projector and the desired 
frame projected on a screen through, say, a red filter. 
The projected image is photographed on color film, 
the film in the projector is advanced to a later frame, 
and the new image projected on the screen through a 
green filter. The same frame of the color film is then 
exposed a second time. Where red and green light 
images coincide a yellow or white image results 
but where movement, or dissipation, of the storm has 
taken place, the echo images are red or green. Alter- 
natively, two positive prints can be made and appro- 
priate frames projected simultaneously and in registra- 
tion onto a screen. When this is done the motion 
and development of the storm that occurred between 
the separate exposures is immediately apparent. 

Another application of this technique is useful in 
the detection and study of echoes from lightning dis- 
charges. These are so short in duration that they 
are recorded on only a single frame in a series of ex- 
posures*. However, in the few odd seconds between 
successive exposures the precipitation echo pattern 
changes very little. Hence, when successive frames 
are viewed through filters of different colors the 
lightning echo becomes immediately evident. The 
proposed projection arrangement is shown in Fig. 3. 
A somewhat similar result can be obtained by super- 
*Very recent experiments using time contractions of about 7000 
reveal developments and motions in storms of a previously unsus- 


pected nature. 
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Fig. 3. An arrangement for examination of radarscope film to detect 
transient indications (such as lightning echoes) which appear on only one 
frame. 


imposing a positive and a negative transparency, dis- 
placed by one frame. The differences show up quite 
clearly, as is evident in Fig. 4. 


Fig. 4. Print made through superimposed positive and negative radar- 
scope film transparencies showing how transient lightning echo is 
brought out. Gray tone is produced by difference in film densities 
and the relief effect is due to lack of precise registration. 
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Fig. 5. “Integrated” radarscope pictures showing areas of persistent 
rainfall over one hour intervals. “Instantaneous” picture in upper left 
is for comparison. Hatched areas define echo areas not produced by 
precipitation. 


In a general sense, the radar image shows how hard 
it is raining at a given instant. To find out how much 
rain has fallen at a given point, some means must be 
found of “‘integrating’’ the echo signal over the 
desired time interval. Such information is vital to 
flood forecasters who may need to know whether a 
certain area of a river catch basin received a given 
amount of rain in a brief or an extended period. If 
it was in a short time interval, the precipitation might 
not have soaked into the ground and a flash flood could 
result, but for a longer, less intense rain the ground may 
have time to absorb most of the water and runoff 
would be diminished. Tended gauges can provide 
this information but in some areas none are ayailable; 
or, if available, cannot be reached in many remote 
headwater regions where heavy storms may occur 
virtually unobserved. The storm itself may inter- 
rupt communications. 

t is — to make such integrations with time- 
lapse photographs (it can also be done at the radar- 
scope, as will be shown later). The technique is to 
put the film in an enlarger and make multiple ex- 

sures on one sheet of printing paper from as man 
Seciee as are required to cover the desired time ootied. 
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When this is done, areas where rainfall was especially 
persistent are reproduced with minimum image density 
and stand out clearly. Such a photographic ‘‘integra- 
tion’’ is shown in Fig. 5. 

While this is by no means a complete list of the 
techniques which have been employed in the study 
of time-lapse radarscope films, it perhaps suggests the 
usefulness and versatility of these records. 


Operational Use of Photography in 
Radar Meteorology 


The use of photography in operational radar 
meteorology would be impractical if it were not for 
the availability of rapid access processes. Events 
occur fast during storms and a half-hour waiting 
period for the development of films or prints would be 
intolerable in many situations. 

Of fundamental interest in any storm situation is 
the behavior of the disturbance. It is of vital con- 
cern whether a given thunderstorm is growing or 
dissipating. With large numbers of storms detectable 
at any one time, it can be very difficult to keep track 
of allof them. At such moments photography can be 
of considerable assistance. 

The senior author was the first to demonstrate that 
the Polaroid Land camera could produce a usable 
photograph of the PPI scope.* Since then, many 
thousands of photographs have been taken by this 
method and the process is now generally accepted. 
All Air Weather Service and many U.S. Weather 
Bureau major radar storm detection installations will 
be equipped with specially adapted Polaroid cameras 
in the future. 

It has been recommended that photographs be 
taken at regular intervals, say every 10 or 15 min ina 
severe storm situation, and that these be posted in the 
weather briefing room for the benefit of forecasters and 
pilots. It is obvious that a series of photographs is 
much easier to analyze than a “‘live scope,”’ since the 
prints may be studied in good light and developments 
occurring over a long period of time are readily 
discernible. The new Polaroid transparency film 
offers very interesting possibilities since the images 
may be projected with various color filters and thus 
the enlarged pictures may be analyzed with greater 
precision. 

Photographic integration can also be accomplished 
on a live scope; in fact, this was the technique origi- 
nally developed.* A large view camera which ac- 
cepted 8 X 10-in. material, was loaded with contact 
printing paper and focused onto a PPI scope. At f/64 
and with the aid of several filters, exposures were 
made up to6hrinduration. Beautiful patterns show- 
ing the distribution of rainfall within radar range were 
obtained by this procedure. Work done at Texas 
A&M under Weather Bureau and U.S. Air Force 
sponsorship has shown that very 7 the same 
results can be obtained with exposures made at 5 to 10 
min intervals, rather than continuously.’ This 
allows the radar to be used for other purposes between 
exposures. Polaroid film can be employed with this 
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technique also. Flood forecasting centers will be 
utilizing this process within a year or two. 

The Kenyon Rapromatic Film Processor ultimately 
may also be used operationally. Its lightning- 
detection capabilities make it attractive, and with it 
a picture of every scan may be obtained for later 
study. 

Eventually, pictures made at different radar sta- 
tions will be transmitted by the stations to a central 
collection point where radar composites will be made 
and retransmitted to forecasters all over the country. 
The exact manner in which this will be accomplished is 
not yet certain — the possible use of memory tubes, 
television, and electrostatic recording must be con- 
sidered. 


Conclusion 


Photography has enormously advanced the science 
of radar meteorology. A variety of techniques has been 
employed effectively in both the research and yr 
tional phases of the work. Although practiced for 
almost 15 years, the limits of usefulness of radarscope 
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photography have not yet been established, nor are 
they likely to be reached in the near future. As 
photography greatly extended the usefulness and 
capabilities of the telescope for the astronomer, so is 
it helping the radar meteorologist. Those who are 
active in the field of radar meteorology are well ad- 
vised to keep abreast of the advances in the science of 
photography. 


References 


1. Ligda, M. G. H., Final Report under Contract AF19(604)-573, 
June 1956. 


2: , ‘The Radar Observation of Lightning,’ J. Atmospheric 
and Terres. Phys., 9: 329-46 (1956). 
+. , Special Radarscope Cameras, Weather Radar Research 


Project Technical Report No. 11, Mass. Inst. Technol., Feb. 
1951. 


4. Rockney, Vaughn, Radar Rainfall Measurements by Photographic 
Integration, Mass. Inst. Technol., Dept. of Meteorology Master's 
Thesis (unpublished), Cambridge, Mass., 1954. 

5. Ligda,M.G.H., S. G., Tarble, R. D., and boty 

t 


Final Report under U.S. Weather Bureau Contract Cwb-8716, 
Oct. 1956. 


1958 Annual Conference 


6 to 10 October 1958 
Manger Hotel + Rochester, N. Y. 


The next Annual Conference of the Society has been scheduled 
for October 6 through 10, 1958, at the Manger Hotel (formerly the Seneca) 
in Rochester, N.Y. Planning for the Conference is well under way, with Ira R. 
Kohlman as Conference Co-ordinator. All inquiries about Conference mat- 
ters should be sent to Mr. Kohlman, c/o Technicolor New York Corp., 533 
West 57th Street, New York 19, N.Y. 


An extensive papers program, including a special group of 
papers pertaining to the IGY, is being prepared under the guidance of 
Jerome S. Goldhammer, CBS Research Laboratories, 485 Madison Avenue, 
New York 22, N.Y. There will be exhibits of special photographic instruments 
and equipment. Chairman of the exhibits is Richard van Steenburgh, Fairchild 


Camera and Instrument Corp., Robins Lane, Syosset, L.I., N.Y. 
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Japanese Photographic Objectives for 


Use with 35mm Cameras 


KoGoro Yamapa, Institute of Optics, University of Rochester, N.Y.* 


Until recently, Japan has had only a modest optical industry, but now a wide variety of photo- 
graphic objectives are produced. There are more than ten prominent lens makers whose optical 
designers have made notable progress in lens design. Japan is now producing for 35mm 
cameras two kinds of standard type f/1.1 lenses, three f/1.2, fourteen f/1.4 to f/2.0, and 
more than six f/2.8 lenses, as well as fifteen wide-angle and seventeen telephoto lenses. In 
addition, photographic objectives are manufactured for twin-lens cameras. There are also an 
apochromat, the Apo-Nikkor; the Micro-Nikkor 50mm f/3.5 for use with microfilm; and various 
kinds of cine-projection lenses. Characteristics of a few of the photographic objectives made 
for 35mm cameras are described. 


In a paper published in 1956, C. G. Wynne! listed 
almost all photographic objectives patented in the 
United States and Great Britain during the previous 
decade. Similar information about photographic 
objectives made in Japan since World War II has not 
been published in the English literature, even though 
notable progress was ile in that period by Japanese 
lens designers. Particularly notable are photographic 
objectives of f/1.1 and f/1.2 maximum aperture that 
differ in construction from the types Tocsibes by 
Wynne. Moreover, availability of new glass types 
made in Japan has prompted Japanese lens designers 
to recompute conventional objectives and has en- 
abled manufacturers to produce these objectives with 
greater apertures or wider angles of view. A review of 
these advances and performance data of several of the 
new objectives may be of interest. 


Standard f/1.1 and f/1.2 Lenses for 35mm 
Cameras 


Zunow 50mm f/1.1 (Old Type)? 


As early as 1943, a 50mm f/1.2 lens was designed 
at the Teikoku Optical Co., later renamed the Zunow 
Optical Industry Co. After completion of this proj- 
ect, plans were made for a 50mm f/1.1 objective that 
was to be achieved through an improvement of the 
rear group of the Sonnar f/1.5 lens. At length, an 
objective of the form shown in Fig. 1 was designed, 
utilizing conventional types of optical glass. Berti. 
nent construction data are given in Table 1. 

In this design, the front group is well corrected and 
has an aperture of f/2.8 and a focal length of 131.17 


Received 15 October 1957. 
* Dr. Yamada is now associated with the Tomioka Optical Co., 
Ltd., 65 Hanazono-cho, Shinjuku-ku, Tokyo, Japan. 
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mm. The —_ of the rear group is novel in that 
three plane surfaces are employed. This aids in the 
correction of aberrations as well as in the attainment 
of a large field. The focal length of the rear group is 
31.544 mm. The aberration curves of this objective 
are given in Fig. 1. 


TABLE | 

Radius of Surface Thickness Ng v Glass 
tz = +240.0 ~ on 
a= ar 
45 1.5163 64.0 
% = 145 1.7400 28.2 SF3 
ae te = 11.46 1.0000 — _ Air 
-3.0 3-4 1.6700 47.2 BaFl0 
On 1.0000 — _ Air 
te= 0.78 1.5814 40.8 
—16.7 8.32 1.6584 50.8  SSK5 
067 1.000 — Air 
1.2 1.5796 53.9 BaLF4 
tis = 6.5 1.6584 50.8  SSKS5 
t= —23.0 


Focal length = 50 


Zunow 50mm f/1.1 (New Type) 


Although the lens described above was quite suc- 
cessful, further improvements were made through a 
change in construction based on the use of new optical 
glass types manufactured in Japan (Fig. 2). The lens 
elements that are made of new glass types are indicated 
by hatch lines. Performance data are given in Fig. 2. 


Fujinon 50mm f/1.2* 


The design of this photographic objective was 
completed by the Fuji Photo Film Co. in 1953. Opti- 
cal data for the lens are tabulated below: 


Fig. 


Fig. 7 
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A B c 
Fig. 1. Zunow 50mm f/1.1 (old type). Left, design. Right, performance data—{A) Spherical aberration, solid curve; sine condition, broken curve 
(B) Astigmatism: radial focal lines, solid curve; tangential focal lines, broken curve. (C) Distortion. 
23" 23° = 
f/-3 
\ 
io —+4—— 16 —}— 
10 
| 
-! O Imm -1% 0 
A B Cc 
Fig. 2. Zunow 50mm f/1.1 (new type). Left, design; hatch lines indicate new glass types. Right, performance data—{A) Spherical aberration, 


solid curve; sine condition, broken curve. (B) Astigmatism: 


TABLE Il 
Radius of Surface Thickness Na Vv Glass 
= 0.120 1.6713 47.0 BaF 
n= 044 0.004 1.0000 Air 
13983 = 0-122 47.0 BaFl0 
= 0.083 «1.5414 47.1 LLF2 
Os7i2 0.0180 1.5414 47.1 LLF2 
= —0.2386 ts = 0.1931 1.6738 47.0 BaF10 
f~= —0.7700 ts = 0.0181 1.6480 47.8 BaF9 
f= 1.241 tio = 0.004 1.0000 — Air 
= — 2.096 ti: = 0.070 1.6216 60.2 SK16 


Focal length = .95 


The lens shapes and spacings are shown in Fig. 3. 
In this objective both the second and the third com- 
ponents consist of three lenses each with two ce- 
mented surfaces; these are effective in correcting mono- 
chromatic aberrations. It was also found that the 


radial focal lines, solid curve; tangential focal lines, broken curve. 


(C) Distortion. 


following conditions must be satisfied if aberrations 
are to be minimized sufficiently: 


~26 68> — 63, 
6 


> 0.0, 2324219 
3 
o1>L>-12, @'s—n)>010 @ 
5 
-0.9>*> -1.6 (3) 
> 1.67 (4) 


Aberration curves are shown in Fig. 3. 


Hexanon 60mm f/1.24 


A new and different design for an f/1.2 objective was 
worked out at the laboratories of the Konishiroku 
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Photo Industry Co. after an f/3.5, an f/2.8, and an 
f/1.9 objective had been developed. The f/1.2 ob- 
jective consists of eight elements (Fig. 4). A focal 
length of 60 mm was chosen because it permitted far 
better correction of aberrations than had been obtained 
in earlier designs. In particular, residual chromatic 
aberration and flare resulting from coma were much 
reduced. Construction data are given in Table III. 

The radii and glass types were selected to satisfy 
the following conditions: 


ny > A ft > 0.24f, Ng > 1.65, 
nz < 1.55, <1, <0.4f 


Spherical aberration is so small that optimum focus 
does not shift as the diaphragm is stopped down. 
Moreover, image sharpness is excellent throughout the 
— format, since astigmatism is very well cor- 
rected. 


Fig. 4. Hexanon 60mm f/1.2. Left, design. Right, performance data—{A) Spherical aberration (d-light), solid curve; spherical aberration (g- 
radial focal lines, solid curve; tangential focal lines, broken curve. 


light), broken curve. (B) Astigmatism: 


-2% 0 2% 


PS & E, Vol. 2, 1958 


Fig. 3. Fujinon 50mm f/1.2. Left, design, 
Right, performance data—{A) Spherical 
aberration, solid curve; sine condition, 
broken curve. (B) Astigmatism: radial fo- 
cal lines, solid curve; tangential focal lines, 


Cc broken curve. (c) Distortion. F = 100 mm. 
TABLE Ill 
Radius of Surface Thickness Na v Glass 
n= 65 (1.62035 60.2 SKIG 
1.00000 — Air 
= 1.67042 47.1 BaF10 
te = 6.0 1.00000 — _ Air 
1.80515 25.5  SF6 
ts = 17.0 1.00000 — Air 
“ to = 4.0 1.60342 38.0 
18.5 1.67042 47.1 BaFl0 
1.00000 — Air 
1 = = 
f= — 1413.71 tis = 8.0 1.67042 47.1 BaF10 
thr 
\ 
16° 
—d Light 
---g Light 
Iz Iz 
-| O+tinn -2% 0 
A 


(C) Distortion. F = 100 mm. 
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Fig. 5. Canon Lens 50mm f/1.2. 
left, design. Right, performance 
data—(A) Spherical aberration, solid 
curve; sine condition, broken curve. 
(B) Astigmatism: radial focal lines, 
solid curve; tangential focal lines, 
broken curve. (C) Distortion. 


Spherical aberration curves for the d- and g-lines of 
the spectrum are reproduced in Fig. 4(A), and astig- 
matism and distortion data are given in Figs. 4(B) 
and 4(C) respectively. 


Canon Lens 50mm f/1.2° 


In 1949, the Canon Camera Co. made the 50mm f/1.9 
Serenar lens which is of conventional Gauss form. 
Since then a number of new photographic objectives 
have been designed and produced pos ak investi- 
gations carried out to isolate and eliminate the causes 
of aberrations. One finding has been that shallow 
curvature of the concave lens surface behind the iris 
diaphragm causes coma. When the radius of this 
surface is increased and the radius of the cemented 
surface of the second lens changed appropriately to 
compensate for the reduction in negative power, coma 
is lessened significantly. In this manner an improved 
50mm f/1.8 objective was obtained. 

The same principle was applied also in the design 
of a Canon f/1.2 objective whose final form is shown 
inFig. 5. It consists of five groups, two of which are 
cemented doublets. Four of the seven lens elements 
are made of new glass types. Performance data for 
this lens are shown in Fig. 5. 


Nikkor 50mm f/1.1° 


This objective contains six groups, two of which 
are cemented doublets (Fig. 6). As indicated in the 
optical specifications in Table IV, several of the lens 
elements are made with the new LaF3 and SK18 
glasses. 

The following conditions were imposed in order 
to minimize aberrations: 


n3> 1.69, 55 > v3 > 40, 
0.60f > rs > 0.45f and 0.40f >r, > 0.25f (1) 


These conditions are helpful primarily in reducing 
coma and astigmatism; the conditions 


Ne > Ns, Ng > > 
0.50f > |rs| > 0.35f, and 0.65f > |rio! > 0.50f (2) 


help further in reducing coma, while the condition 
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2 
10 

28 

56 5 

0 O5mm-i0 0 0 10% 

A 4 Cc 
0.35f > dz > 0.20f G3) 


contributes to field flattening. 

These design specifications yielded an f/1.1 objec- 
tive (Fig. 6) with a 46° field of view that is well cor- 
rected for all aberrations. 

In order to correct spherical aberration, coma, and 
astigmatism altogether, the designer of this objective 
made the focal length of each of the six components 
larger than 1.1f where f is the focal length of the total 
system. 


TABLE IV 
Radius of Surface Thickness Na v Glass 
1.6073 59.5  SK7 
1.000 — Air 
tz = 8.5 1.6073 59.5 SK7 
he a 872.1 t; = 19.4 1.7170 49.9 LaF3 
a 33.3 te = 4.1 1.5927 35.4 F16 
tz = 25.2 1.0000 Air 
~58.1 tg = 20.5 1.7170 47.9 LaF3 
116.3 tio = 0.6 1.C000 Air 
ti = 11.0 1.7170 47.9 LaF3 
ett 142.3 te= 0.6 1.0000 — Air 
1.6259 35.6 Fl 
518.0 7.8 1.6385 | SK18 
Focal length = 100 
— 


Fig. 6. Design of Nikkor 50mm f/1.1; hatch lines indicate 
new glass types. 
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TABLE V 
Seidel Coefficients of Photographic Objectives of f/1.1 and f/1.2* 
Scidel Coefficients 
Photographic Objectives zr, =P, 20) 
Zunow (old type) (U.S. Pat. 2,715,354) 0.2794 0.3835 0.4855 0.3899 1.0949 1 058° 
Fujinon (U.S. Pat. 2,718,174) 0.2518 0.1407 —0.0111 0.4297 — 0.0637 0.950 
Hexanon (Public Notice: 1954) 0.0213 0.0719 —0.0076 0.3036 0.1971 1.000 
Canon Lens (Pat. Application: 1955) 0.0442 0.0798 0.0731 0.2837 —0.0478 1.0103 
Tessar (D.R. Pat. 463,739) 1.7581 0.1174 —0.0843 0.3453 0.0565 1.004 
Plasma (f/2, 48°)t 0.482 0.366 —0.121 0.578 —0.315 1.078 
Hektor CE. Leitz)t 0.377 0.108 —0.005 0.399 0.002 1.009 
* Table taken from Ito.” 
Tt Berek, Max, Grundlage d. Prakt. Optik, p. 68 (1930). 
Ibid., p. 70. 
Calculation of Seidel Coefficients TABLE VI 
of Above Objectives = 
Radius of Surface Thickness na Glass 
Ito’ has published his calculations of the Seidel eee — 
coefficients in terms of Max Berek* partial coefficients re t =13.0 1.693 53.5 LaKi3 
of four of the objectives that have been described. rr = 39.0 => Pap end 60. = 
These are reproduced in Table V together with similar $4.1 1 626 Fl 
data for three objectives of German manufacture. S= 2.2 t; = 26.8 1.000 —  Ajr 
te = —41.8 
n= 48 333 
Photographic Objectives with Elements Made 


Nikkor 25 mm f/1.4, 82° field of view® 


This objective is a modification of the Gauss ty 
consisting of four groups, as shown in Fig. 7. The 
first, fifth, and sixth elements are made of a new glass, 
LaK13, and this permits an increase in —— and 
angle of view. Optical data are given in Table VI. 


Canon Lens 25 mm f/3.5, 81° field of view" 


This is an improved type of Topogon objective 
(Fig. 8) in which spherical aberration has been re- 
duced considerably through use of a new type of glass 
for the fourth lens (hatched in Fig. 8). Astigmatism 
and curvature of field have been minimized with the 
aid of a plan-parallel plate that has been added as a 
fifth element. This plate does not increase other 


Focal length = 100 


Fig. 7. Design of Nikkor 25mm f/1.4, 82° field of view; hatch lines 
indicate new glass types. 


20"" 
5 mm 


Fig. 8. Canon Lens 25mm f/3.5, 81° field 
of view. Left, design; hatch lines indicate 
new glass types. Right, performance dato 
—{A) Spherical Aberration, solid curve; sine 
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10mm -0 0% radial focal lines, solid curve; tangential 
Cc focal lines, broken curve. (C) Distortion. 
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aberrations. Graphic data on residual aberrations 
are shown in Fig. 8. 

Another improvement over the symmetrical Topo- 
gon objective was achieved by enlarging the apertures 
of the rear elements (see Fig. 8). This minimizes 
vignetting, so that if transmission at the center is 
«a as 100 per cent, it is 90 per cent 12 mm from the 
center, and 40 per cent 20 mm from the center. 


Nikkor 35 mm f/1.8, 63° field of view! 


This objective consists of seven elements as shown 
in Fig. 9. 

Two objectives of this type were designed by 
Nippon Kogaku K.K. and optical data for both are 
given below. 


TABLE VII 


Radius of Surface Thickness Da v Glass 


Example 1. Nikkor 35mm f/1.8, 63° field of view 


9-3694 = 0.0944 1.69350 53.5 LaK3 
0.3722 = 0.0028 1.00000 — Air 
3 375 ts = 0.1306 1.65830 57.5 LaK1 
0.2306 = 0.0250 1.60342 38.0 
—0 3244 0.0389 1.78472 25.7 
= 90-0028 1.00000 — Air 
03715 = 09-1361 —-:1.62041 60.3 SK16 
2391 ts = 0.0028 1.00000 — Air 
= 0.0750 1.62041 60.3 SKIG 
-~11.97 tu = 0.0333 1.74077. (27.7. SFI3 


Focal length = 1 


Example 2. Nikkor 35mm f/1.8, 63° field of view 


m= 0.6024 =0.1000 1.72000 50.3  LaKl0 
f= 1.39 = 0.0028 1.0000 — Air 
0.3943, = 0.1361 «1.65830 57.5 LaK1 
= 4.792 = 0.0250 1.62045 38.0 F9 

ts = 0.2439 = 0.2444 «1.00000 

te = = 0.0428 «1.78472 25.7. SFI 
—0.3445 = 0.0028 1.0000 — Air 
f= —1.516 = 0.1472 1.72000 50.3.‘ LaK10 
ty = —0.4267 = 0.0028 Air 
to= 1.944 = 0.0889 1.69350 53.5  LaK3 
fa = = 0.0333 25.7 SFU 
58.22 


Focal length = 1 


Fig. 10. Canon Lens 35mm f/1.8, 

64° field of view. Left, design; hatch 

lines indicate new glasstypes. Right, 

performance data—(A) Spherical | 
aberration, solid curve; sine condi- 

tion, broken curve. (B) Astigmatism: 

radial focal lines, solid curve; tan- 

gential focal lines, broken curve. 

(C) Distortion. 
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10 mm 


Fig. 9. Design of Nikkor 35mm f/1.8, 63° field of view; hatch lines 
indicate new glass types. 


The conditions 
n; > 1.65, 0.08f > ts > 0.02f 


contribute mainly to the correction of astigmatism 
and curvature of field, but are intended also to keep 
the Petzval sum small. 

The conditions 


0.30f > rs > 0.17f, 0.30f > |re| > 0.17f 


on the other hand help in minimizing coma of oblique 
rays as well as in reducing other aberrations in a wide 
angle objective of very large aperture. . 


Canon Lens 35mm f/1.8, 64° field of view!” 


In this objective the third group consists of a ce- 
mented triplet in place of the more conventional dou- 
blet. The deep cemented surface of this triplet per- 
mits good correction of coma without deterioration 
of the flatness of field. Moreover, through use of 
new types of glass, spherical aberration as well as 
curvature of field could be corrected better than 
possible in the past. The optical construction of the 
objective and the aberration curves are shown in Fig. 
10. It will be noted that the shift in focus with 
changes in lens aperture is negligibly small. 


Fujinon 35mm f/2; 63° field of view! 


This objective (Fig. 11) also contains elements made 


of new types of glass. Optical data are given below. 
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Fig. 11. Fujinon 35mm f/2, 63° field of 
view. Left, design. Right, performance 
data—{A) Spherical aberration, solid curve; 
sine condition, broken curve. (B) Astig- 
matism: radial focal lines, solid curve; 
tangential focal lines, broken curves. (C) 
Distortion. F = 100 mm. 


Fig. 12. Canon Lens 28mm f/2.8, 75° field 
of view. Left, design; hatch lines indicate 
new glass types. Right, performance data— 
(A) Spherical aberration, solid curve; sine 
condition, broken curve. (B) Astigmatism: 


-0 0% radial focal lines, solid curve; tangential 
A 8 c focal lines, broken curve. (C) Distortion. 
1p \ 20mm 20mm 
\ 
4 
% 10 10 
8 Fig. 13. Canon Lens 50mm f/2.8. Left, 
i 5 5 design; hatch lines indicate new glass types. 
1 Right, performance data—{A) Spherical 
aberration, solid curve; sine condition, 
. broken curve. (B) Astigmatism: radial focal 
“5 0 0 - 0 0% lines, solid curve; tangential focal lines, 
A B Cc broken curve. (C) Distortion. 
TABLE VIII The following conditions are helpful in controlling 
aberrations: 
Radius of Surface Thickness na v Glass 
2.7>+ >2.1, 0.80 > > 0.70, 
= 0.078 1.7234 38.0 BaSF8 rs ‘ rs 
ole 1 208 ts = 0.078 1.6779 55.5 K22 0.75 > || > 0.63, 0.15 > ; > 0.10, 
= 0-034 1.6727 32.2 SKS f 
2.8 >| > 2.2, 0.17 > > 0.13 
-03672 = 0-098 :1.6779 55.5 SK22 its f 
ts = 0.010 1.0000 — Air 
nai ma ty = 0.050 1.7234 38.0  BaSF8 Residual aberration data are given in Fig. 11. 
woo 1.000 — 
fu = 0.050 1.7234 38.0 BaSF8 


Canon Lens 28mm f/2.8, 75° field of view'* 


Figure 12 shows the optical construction of this ob- 
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jective. The hatched elements are made of new types 


of glass. 


In the design of this objective, emphasis 


was placed on the correction of curvature of field. 
Residual aberration data are shown in Fig. 12. 


Canon 50mm f/2.8 


This is an objective of the Tessar type. 


The two 


hatched elements are made of new glass types (Fig. 
13). Residual aberration data are shown in Fig. 13. 
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APPENDIX | 


Japanese Photographic Objectives for Use with 35mm 
Cameras 


Prominent Photographic Objective Makers in Japan 


10. 


Japanese Photographic Objectives for Use with 35mm 


Nippon Kogaku K.K. 

Canon Camera, Inc. 
Konishiroku Photo Industry Co. 
Fuji Photo Film Co. 

Zunow Optical Industry Co. 
Tomioka Optical Co. 

Tokyo Optical Co. 

Olympus Optical Co. 

Chiyoda Kogaku Seiko K.K. 
Kowa Optical Works 


Cameras 


I. 


Standard type, f/1.1 and f/1.2 

1. Zunow f/1.1, 50mm (patent application (p), 1953—put on 
the market (m), 1954) 
New type of Zunow f/1.1, 50mm (7, 1956) 

2. Fujinon f/1.2, 50mm (p, 1953—m, 1954) 

3. Hexanon f/1.2, 60mm (9, 1954) 

4. Canon lens f/1.2, 50mm (m, 1956) 


Ill. 
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5. Nikkor f/1.1, 50mm (p, 1956—m, 1956) 
Standard type, f/1.4 to f/2.0 

1. Nikkor f/1.4, 50mm 

2. Hexanon f/1.4, 50mm 

3. Topcor f/1.5, 50mm 

4. Canon Lens f/1.5, 50mm 

5. Canon Lens f/1.8, 50mm 

6. Hexanon f/1.9, 50mm 

7. Zuiko f/1.9, 45mm 

8. Tominon f/1.9, 45mm 

9. Nikkor f/2.0, 50mm 
10. Topkor f/2.0, 50mm 
11. Coral f/2.0, 45mm 
12. Fujinon f/2.0, 50mm 
13. Hexanon f/2.0, 48mm 
14. Super Rokkor f/2.0, 50mm 
Standard type, f/2.8 

1. Hexanon f/2.8, 50mm 

Canon Lens f/2.8, 50mm 

E. Zuiko f/2.8, 48mm 

Super Rokkor f/2.8, 45mm 
Tominon f/2.8, 45mm 
. Tri-Tominon f/2.8, 45mm 
/ide-angle lenses 
Canon Lens f/3.5, 25mm, 81° 
Nikkor f/4, 25mm, 80° 30’ 
Canon Lens f/2.8, 28mm, 75° 
Canon Lens f/3.5, 28mm, 75° 
Nikkor f/3.5, 28mm, 74° 
Zunow f/1.7, 35mm, 64° 
Nikkor f/1.8, 35mm, 63° 
Canon Lens f/1.8, 35mm, 64° 
Fujinon f/2, 35mm, 63° 

10. Nikkor f/2.5, 35mm, 62° 

11. Canon Lens f/2.8, 35mm, 64° 
12. Topcor f/2.8, 35mm, 64° 

13. Prominar f/2.8, 35mm, 63° 
14. Nikkor f/3.5, 35mm, 62° 

15. D-Zuikow f/3.5, 35mm, 63° 

elephoto lens 
. Nikkor f/1.5, 85mm 


1 
2. Canon Lens f/1.5, 85mm 
3. Canon Lens f/1.9, 85mm 
4. Canon Lens f/2, 85mm 
5. Tele Hexanon f/3.5, 85mm 
6. Canon Lens f/3.5, 100mm 
7. Nikkor f/3.5, 105mm 
8. Canon Lens f/2.5, 135mm 
9. Canon Lens f/3.5, 135mm 
10. Nikkor f/3.5, 135mm 
11. Tele Hexanon f/3.5, 135mm 
12. Topcor f/3.5, 135mm 

Tele Rokkor f/4, 135mm 
14. . Tele Hexanon f/4.5, 135mm 
15. Nikkor f/2.5, 180mm 
16. Nikkor f/4, 250mm 
17. Nikkor f/5, 500mm 


APPENDIX Il 
Special Cameras used by the Defunct Japanese Navy 


2. 


A camera used to register spotting of gun fires aboard a target- 
tugboat. Tessar of f = 30cm was eh 
A camera used to register spotting of gun fires aboard a firing 
ship. Triplet of f = 120cm and infrared plate were used. 
Cameras to register the explosion of the shot of an anti-aircraft 
08 Two cameras set about 100 yd apart were used. 

ubmarine periscope camera. Japanese Navy designed and 
manufactured a pe periscope with magnification 1.5X 
and 10X instead of the conventional magnifications 1.5X and 
6X. A camera provided with a photographic objective of 
f = 75mm stl of the conventional focal length f = 40mm 
attached to the periscope using 10X was very useful. 
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Photographic Exposure Guides and Meters 


E. P. Wicutman, Research Associate, George Eastman House, Inc., Rochester, N.Y. 


Part | — Introduction 


This is the first of a series of papers designed to provide an extended historical survey of ex- 
posure guides and meters, and to show how modern instruments have slowly emerged from 
often crude beginnings. The following major classes are described: (1) tables and calculators; 
(2) actinometers and differential thermometers; (3) visual (optical) photometers; and (4) photo- 


conductance and photoelectric meters. 


There are five basic factors which have to be considered 


in the design of exposure calculators and meters: (1) the actinic power of the light; (2) the 
subject; (3) the amount of light admitted through the lens per unit time to the plate or film; (4) 
the length of time that the light passes; and (5) the speed of the plate or film. Factors (1), 
(2) and (3) are composed of a number of important elements. Most of these factors and 
associated elements were recognized even in the earliest days of photography, but were ex- 


pressed in different ways. 


This is the first ot a series of papers on photographic 
exposure tables, charts, calculators, meters, and other 
= devices. For exposure tables, charts, and 
calculators, we use the more general term ‘‘exposure 
guides.’” One purpose of these papers is to provide 
not only a more extended historical survey of such 
guides and meters than has yet been given, but also 
to bring to light some interesting information about 
early devices which has long since been buried and 
forgotten in the old photographic literature. 

Another purpose is to show how modern exposure 
devices have slowly emerged from often crude be- 
ginnings. In the course of these researches, a number 
of discrepancies and erroneous statements by various 
authors have been found, and these will be pointed 
out. It is not claimed that the present researches 
are exhaustive and complete. Considerable data 
which have been collected have been omitted, since 
they would not have contributed materially to the 
interest of these articles. 


The Need for an Exposure Guide or Device 


Even in the earliest days of photography, attempts 
were made to provide some means of determining 
correct exposure.* 


Received 11 December 1957. 


*We use the phrase “‘correct exposure’’ with reservations. Alfred 
Watkins,' was right when he salt ie 1893, ‘‘There is no such thing as 
absolutely correct exposure for a given group of objects under given 
conditions ....What, therefore, is glibly spoken of as a ‘correct 
exposure,’ is simply the best compromise that can be made in the 
matter ....The compromise which represents ‘correct exposure’ to 
one worker is very often not correct for another photographer .. .. 
My aim in calculating an exposure is not to find the shortest time 
which will give a passable result, but the time which will give the 
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The earliest accounts of Daguerre’s and Talbot's 
processes emphasize this problem. In the hundred 
and eighteen years since photography began many 
exposure devices have been developed or invented, 
though at first the principles governing exposure 
were not clearly known or fully understood. It had 
been known, even before Daguerre’s and Talbot's 
time, that sunlight has actinic power to affect a 
number of substances, including certain gases, solu- 
tions, and the silver halides and some other salts. 
Also, before the beginning of photography, somewhat 
crude and rather complicated means were employed 
to Measure actinic power. 

As long as the photographer made, exposed, and 
developed his own plates, as was required by most 
of the early processes, a means for calculating or 
measuring exposure was not particularly important. 
If a good picture was not obtained, a new plate was 
produced and exposed for a different length of time, 
estimated to be more nearly correct. 

Early photographic plates, down to and including 
the first dry plates, were very slow compared with 
present-day plates and films. At first, minutes, and 
later, seconds, in bright sunlight were generally 
required for the exposures. Shutters giving “‘in- 
stantaneous’’ exposures were not invented until 
around the period of the gelatin dry plate. 


best possible result with an ordinary (not forcing) developer.” 
(See also: Percy W. Harris, ‘‘Exposure Facts and Fallacies,” 
Modern Camera Mag., 21: 351-56 (Aug. 1957).) 


¢ An “‘instantaneous” shutter, installed in front of the lens and 
actuated by a spring, was invented by Ortewell as carly as 1860, but 
quick-acting shutters with variable speeds did not come into general 
use until around 1880 and later. [See: Helmut and Alison Gern- 
sheim’s The History of Photography.*| 
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Most early lenses had a fixed aperture, or stop, and 
fixed focus. Those which did not have a fixed sto 
were provided with a diaphragm of some kind. 
Many lenses had simply a lens cap which was re- 
movable by hand for the exposure. Some had a 
hinged flap operated by hand, or by some other simple 
method. Exposure was largely determined by the 
photographers through trial and error. With ex- 
perience, they came to estimate it with a fair degree 
of accuracy for the usual subject and lighting con- 
ditions. Adjustments in development helped to 
some extent tO Overcome incorrect exposure esti- 
mates, if the latter were not too wide of the mark. 

As late as 1887, Edward L. Wilson, in Wilson's 
Quarter Century of Progress,* stated, ‘‘Exposure is 
largely a matter of inspiration, of feeling. There is 
no royal road to its proper attainment. You must 
learn how, just as you must acquire musical excellence 
or master a language. You must go through the 
experience of plate spoiling with the disappoint- 
ments incident thereto. Then it will come to you — 
to stay.”” 

The introduction of gelatin dry plates and films 
manufactured under controlled conditions, and pro- 
duced to give comparatively uniform response to 
light, resulted in a change in technique. The plates 
or films were developed in a darkroom, independent 
of where they were exposed, and development was 
often carried out by someone other than the photog- 
rapher himself. Also, the speed of the photographic 
sensitive material was greatly increased. In bewilder- 
ing rapidity, a wealth of exposure devices were in- 
vented and used to get more nearly correct exposure. 
For example, in 1897, W. T. Wilkinson stated:* 
“When exposure-meters were first introduced they 
were looked upon by many as utterly superfluous and 
of no account, but nowadays they are used by hun- 
dreds of photographers, not only amateurs and be- 
ginners, but by professionals and old hands: the 
reason is not far to seek, it being simply on account 
of the varying speed of plates, as well as a general 
desire for good work, which can only be obtained by 
correct exposure.”’ 

Ten years before this, in 1887, Wilson,*® had quoted 
a contemporary writer as saying, ““The time of ex- 
posure must often be guessed at in the vaguest man- 
ner. . ., im Our uncertainty about strength of light 
and stops . . ."’ Wilson goes on to say, ‘Although I 
will not assert that absolute precision is attainable 
until we have a perfect actinometer (which we shall 
soon have), I oak toy that with care and calculation 
a degree of accuracy and certainty is possible of which 
many have not dreamt.” 


Classification of Exposure Devices 
At one time,* practically all types of exposure de- 
vices could be classified broadly under three headings: 


* Say before 1900, ——- the choice of this year is purely ar- 
bitrary, and could be a few years earlier or later. [See: Walter 


lark, Actinometry, Sensitometry, and Density Measurement 5| 
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1. Exposure tables, guides, and calculators, for 
estimating exposure 

2. Chemical-type meters, or actinometers (meters 
depending upon the actinic power of light) 

3. Optical or physical meters (usually called photom- 
eters or visual meters) 


J. Sterry, in 1903, used an even simpler and broader 
classification.™ He divided *‘meters’’ into two broad 
classes, namely: 


‘1. Those in which the light has been measured 
once for all, and tabulated in such a form that 
the exposure required under any circumstances 
(place, time, oad light) is readily found. [This 
corresponds to Class 1 above. | 

‘2. Those in which the light is measured at the 
time of making an exposure, so that the de- 
sired calculation may be made from the result 
of this measurement in each separate case.” 
[This encompasses Classes 2 and 3 above. ] 


Milbauer, in Photographische Korrespondenz, in 
1915,’ divided exposure meters into four classes, as 
follows: 


1. Those which depend on sensitiveness of the eye 
(optical meters, photometers) 

2. Chemical meters consisting of silver bromide 
papers sensitized by sodium nitrite 

3. Mechanical meters or calculators 

4. Exposure tables 


The three-part classification that is given first above 
is still, in its broadest sense, a pen one, although 
Class 3 would not now be limited to optical- or visual- 
type meters. Sterry’s classification is far too broad 
for our present purposes. Milbauer’s is not a bad 
classification, but is still a little too broad. More- 
over, it is not up to date, photoelectric meters not 
having become practical at that time. For today, we 
believe, the following classification, with specific 
classes and subclasses, is more comprehensive and 
more logical: 


I. ‘Photographic exposure guides 
1. Tables or simple guides 
2. Calculators 
a. Graphic calculators or charts 
b. Slide-rule (mechanical) type calculators 
circular-disk, cylindrical, or tablet form 
II. Actinometers and differential thermometers 
1. Gasometers 
2. Differential thermometers 
3. Silver halide (or other metal salt) actinom- 
eters 
a. Matching-spot, or spots, type 
b. Least-visible-tint type 
III. Visual photometer exposure meters 
1. Visual extinction type 
2. Comparison (or matching) ty 
a. Against a standard light or lighted- 
patch type 
b. Against a standard self-luminous (radio- 
active-fluorescence) patch type 
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c. Against a standard luminescence patch 


type 
3. Fluorescence or luminescence fading acti- 
nometers 
4. Inteference type 
IV. Pupillometers 
V. Thermoluminescence meters 
VI. Radiometers 
VII. Photoconductance exposure meters 
VIII. Photoelectric (photronic) exposure meters 
1. type 
2. Light-reflectance type 
IX. Mixed types 


Subsequent articles in this series will describe the 
historical development of Classes I, II, and III, and 
VII and VIII combined, and there will be one article 
covering the remaining classes. 


Basic Principles of Exposure Devices 


It was recognized as early as 1839 that certain fac- 
tors had to be considered in estimating, calculating, 
or measuring exposure. M. Dominique Frangois 
Jean Arago, French astronomer and physicist, in 
his historic Rapport . . . sur le Daguerréotype . . .(1839)* 
stated,* ‘“The very short space of time in which the 
operation may be performed, is what has perhaps 
seemed the most astonishing: scarcely more than ten 
minutes are required during the dark days of the 
winter season to take a view of a monument, of a 
quarter of the city, etc. 

summer,’” he continued, ‘“when the sun shines 
in all its glory, half that time only will be requisite. 
In southern climates, two or three minutes at most 
will be sufficient. But it is important to observe, 
that the ten or twelve minutes of the winter season, 
the five or six minutes of summer, the two or three 
minutes of the southern regions, express only the 
time during which the sheet of plating must receive 
the image through the lens.”’ 

Later in the Rapport, Arago says, **.. . we will... 
relate to you a singular observation of which Mr. 
Daguerre was telling us only yesterday (July 2, 1839): 
he maintains that morning and evening equally 
distant from noon, and therefore corresponding to 
similar degrees of elevation of the sun above the 
horizon, are not however equally propitious for 
photographic operations. Thus, in every season of 
the year and by atmospherical circumstances, to 
all appearance precisely similar images may be formed 
rather quicker at seven in the morning, for instance, 
than at five in the evening; at eight, than at four; 
at nine, than at three.”’ 

Similarly, later in 1839, Daguerre’s assistant, 
M. Hubert, in some notes on a Rapport sur le Daguer- 
réotype, by M. Macédoine Melloni, presented Novem- 
ber 12, 1839, to the Academie Royale des Sciences 
de Naples, wrote as follows (free translation): 


* The quotation is from the translation of An Historical and De- 
scriptive Account of the Various Processes of the Daguerreotype and the Dio- 
rama, which includes ‘‘The Report,’’ by Mr. Arago, at the Sitting 
of the Chambre des Deputes of the Sixth July, 1839.° 
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“It is extremely difficult, and nearly impossible, 
to establish fixed data on the duration of time of 
exposure of the plate in the dark chamber [camera]. 

“This difficulty results from a number of circum- 
stances which combine with variations of tempera- 
ture and of the seasons. 

‘The bases most generally adopted at Paris are 
these: 


“Ordinary Sunlight 
In Midsummer In Winter 
“Objects White 4'/2,5,6,min 8, 9, 10 min 


Colored 8,9,10,11 min 12, 15, 17 min 


Diffused Light 


“Objects White 12,15, 18 min 
” Colored 20, 25, 30 min 


25, 30, 40 min 
40, 50, 60 min 


‘And these last times are often not sufficient. 

“This great number of figures which may seem 
exaggerated, may frighten the beginner, but never- 
theless fewer cannot be given, and perhaps even 
more should be added. One senses, in effect, that 
there are intermediate times of exposure for the spring 
and autumn months, and that it is necessary to estab- 
lish proportional figures for the southern countries, 
requiring only about half the exposure time. 

“If one adds the difference in sensitivity of ob- 
jectives, the lower sensitivity of a strongly iodized 
plate, the effect of passing clouds, etc., one sees that 
one can give only indications and not definite times 
in every case.” 

In spite of these very qualitative statements, the 
apparent admissions of failure, and the inability of 
the early photographers to establish definite figures 
for exposure and its various factors, Daguerre, Arago, 
and Hubert obviously recognized one or more of 
these factors: (1) the actinic quality of light; (2) 
the speed of the lens, or quantity of light which the 
lens allows to pass to the plate in a given time; (3) 
the sensitivity or speed of the plate; and (4) the effect 
(or reflective power) of various types of subject 
matter. They recognized, too, that weather, time 
of year, and geographical latitude are related to the 
light’s actinic power. 

That certain substances, including some chemi- 
cally active gases, certain solutions, and especially 
the silver halides, are sensitive to sunlight had been 
known long before 1839, and even before the time 
of Wedgewood and Davy, and photometers and acti- 
nometers to measure the intensity and actinic power 
of light had already been invented, but, for the most 
part, these early instruments were not associated 
with photography. 

In ie first exposure table published in the United 
States, in 1840,!! D. W. Seager,t indicated in effect, 
but did not specify, three factors: (1) the state of the 
weather and the hour of the day, subfactors that 
relate to the actinic power of the light; (2) time of 
exposure; and (3) the implied factor of the amount 


+ Seager was, to the best of our knowledge, also the first man in this 
country to make a photograph.'* 
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of light passing through the lens to the plate in 
unit time. This, of course, was determined by the 
fixed aperture and fixed focus of the lens (see page 
19). 
In 1866, R. C. Johnson stated in the British Journal 
of Photography:'* “In order to determine the length of 
time during which to expose the sensitive plate, it 
is necessary to take into consideration two things 
Firstly: The quantity and quality of the light which 
emanates from the subject inasmuch as they together 
go to make up the actinic force, with which alone 
the photographer has to do; which force varies not 
only with the state of the weather, but also with the 
subject itself, whether it be cloud or sea or landscape, 
etc. Secondly: The variation which is caused by 
the use of different lenses and different stops.”’ 

Johnson appears to have had his terms and factors 
confused, and again there are implied factors. Varia- 
tion of lens a stop are related to relative aperture, 
which implies a relationship to actual aperture and 
focal length of the lens, omitted by the author. 
Quantity of light affecting the plate is related to 
relative aperture and time of exposure and has no 
direct relation to the actinic power of the light. 
Quality of light has to do with its actinic power and 
varies as indicated by the author, with the state of 
the weather, reflective power of the subject, etc. 

In their 1888 patent on ‘Improvements in Instru- 
ments for Calculating Photographic Exposures,”’ 
Ferdinand Hurter and Vero Charles Driffield'* enun- 
ciated four factors involved in calculating exposure: 

“Ist, the time of exposure; 

““2ndly, the intensity of light; 

““3rdly, the focal length, aperture, and construction 

of the lens; and 

“4thly, the sensitiveness to light of the photo- 

graphic plate.”’ 

The first and the fourth factors explain themselves. 
By ‘‘intensity of light’’ these investigators meant 
its actinic intensity, which encompasses the color 
and distance of the subject, and its reflective power; 
the time of year and day; the geographical latitude; 
and the spectral quality of the light. The ‘‘focal 
length, aperture, and construction of lens’’ deter- 
mines the amount of light that will pass through it 
and fall on the plate or film in unit time. 

In 1890, Alfred Watkins published an interesting 
paper, “The Mathematical Calculation of Exposures 
and a New Exposure Meter,” in the British Journal 
of Photography.» In it he presented five axioms which 
he set forth as essential in determining the factors of 
exposure. In brief they are: 


Axiom I. Five primary factors, each independent 
of the others, govern exposure: 

1. Actinic force of the light falling on 
the least lighted important part of 
the subject 

2. Sensitiveness of the plate 

3. Capacity of the subject, or its most 
important non-actinic part, for re- 
flecting sufficient actinic light to 
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the lens to form a_ photographic 
image of suitable intensity 

4. Size of diaphragm (ratio of focal 
length to aperture of lens) 

5. Distance of subject from lens 

Axiom II. The value of each of the above factors 
may be expressed in numerical terms. 

1. It is the actinic, not the visual, force 
of the light which has to be estimated. 
This requires an actinometer for 
determining the light value at the 
time and place where the photograph 
is taken. 

2. To form a table of sensitiveness of 
plates, a standard must be adopted. 
[Watkins took a hint from Hurter 
and Driffield in adopting his own 
standard. } 

3. Previous workers confused this factor 
[reflectance capacity] with that of 
lighting. Watkins attributed this 
confusion to Burton's subject classi- 
fication.** Taking objects of average 
color as 1, Watkins assigned the 
following relative exposure values: 
1'/s to black and white objects; 
1/, to light-colored objects; 2 to 
rather dark (ted) or yellow objects; 
and 3 to very dark, or non-actinic, 
objects of which it is desired to re- 
produce good detail. 

4. The size of the diaphragm of the 
lens is expressed in a fraction derived 
by dividing the focal length of the 
lens by the diameter of the stop, 
and the square of this fraction is 
proportional to the light intensity 
passing to the plate and therefore 
(other conditions being equal) the 
proportionate exposure. The rela- 
tion of the f-system to the U.S. 
system is presented. 

5. Distance affects exposure in two ways: 
first, for objects a considerable dis- 
tance away — 100 yd or more — 
light reflected from moisture parti- 
cles, fine dust, etc., in the atmosphere 
add to that reflected from the objects 
being photographed. This would 
lessen exposure if exposure were not 
ordinarily governed by objects in 
the foreground. The following sub- 
jects are assigned these values: sea 
and sky, 1/10; objects a quarter 
mile away, '/2; more distant ob- 
jects, */4. Second, distance affects 
exposure in another way when the 
object is close to the camera and 
considerable bellows extension is re- 
quired for focusing. Exposure then 
must be increased in proportion to 
the square of the focal length. 
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Axiom III. The proper exposure for any given 
conditions being ascertained, the cor- 
rect exposure for every other possible 
combination of conditions [factors] may 
be calculated mathematically. 

Axiom IV. The quantity of actinic light reaching 
the plate, reflected from all parts of 
the object, or even from one part of it, 
is not a guide to the duration of the 
exposure. 

Axiom V. Two ultimate factors determine duration 
of exposure: 

1. Quantity of actinic light [Watkins 
should have added ‘‘per unit time’ | 
reaching the plate from that part 
of the subject reflecting the least 
actinic light. 

2. Duration of this light necessary to 
impress on the plate a latent image 
sufficient, when developed, to approx- 
imate as a negative the inverse of 
the visual image of the subject. 


Sterry, in his book Photography by Rule,® gave a 
list of factors in which some of them parallel those 
of Watkins. 

‘“(a) The value of the light falling on the subject 
to be photographed. 

““(b) The distance and color of the principal object. 

‘“(c) The amount of light admitted to the lens. 

Cd) The length of focus of the lens. 

‘*(e) The speed of the plate.”’ 

Factors (a) and (b) together correspond to Hurter 
and Driffield’s (2), factors (c) and (d) correspond to 
their (3), and factor (e) is the same as their (4). 

Perhaps the basic factors for outdoor, non-self- 
luminous subjects could be more logically stated, 
together with the subfactors which influence them, 
as follows: 


1. Actinic power of the light 
a. Intensity of the light source 


b. Spectral quality of the light falling on the 
subject 
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c. Time of year and day 

d. Geographic latitude 

e. Weather conditions 

f. Direction of illumination on the subject 


2. The subject 


a. The color of the principal object or objects 

b. The lightness or darkness of the principal 
object or objects 

c. The reflective power of the principal object or 
objects 

d. The distance of the principal object or objects 
from the camera 


3. Amount of light admitted through the lens and 
falling on the sensitive plate or film in unit time 
a. Focal length of lens 
b. Actual aperture (working aperture) of lens 
c. Loss of light by lens surface reflections, ab- 
sorption, etc. 
4. Time that the light takes to pass through the lens 
5. Speed of the plate or film influenced by its color 
response characteristics 


In (1), for artificial light illumination, (c), (d), 
and (e) are eliminated. The other subfactors remain. 

With a few exceptions, inventors, even until rather 
recently, have been patenting, and often producing, 
meters and other devices which can be grouped under 
one or another of the above classes and subclasses, 
and the exposure calculators of these meters and de- 
vices have all been based on some or all of these 
basic principles. 

By far the most common and — type of ex- 
posure meter today is the self-generating photo- 
electric type. But calculators are still highly thought 
of and useful, although not nearly so accurate as 
meters of high quality, properly used. For very 
accurate work, especially at low levels of illumina- 
tion, there are some who rely on modern optical 
photometers, i.e. visual-photometer exposure meters, 
of the comparison or matching type. Some combine 
optical and photoelectric systems. An_ historical 
survey of these various types will be presented in 
subsequent papers. 
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Part ll—Exposure Tables, Charts, and Calculators 


Exposure tables, although very crude and inaccurate in the beginning, have been with us from 
the earliest days of photography, and have been useful as very simple guides. The first 
popular, manually operated photographic exposure calculator, based on accurate light meas- 
urements by means of a differential thermometer, was introduced to the photographic public 


- by Ferdinand Hurter and Vero Charles Driffield about the time gelatin silver halide dry plates 
| were coming into general use. Many different calculators have appeared on the market 
ia since then. They have almost all been of the tablet, multiple-disk or cylindrical, slide-rule 
type, with one or more fixed scales and one or more movable scales representing the factors 
discussed in Part |. Some of these slide-rule calculators have been included in instruction and 
cts data booklets which serve as excellent guides to the amateur photographer. 
ind 
" Tables and Charts Daguerreotypisten.t Stenger quotes [free translation]: 
“The time which is required for producing a 
As has been described in Part I, Hubert, in some suitable image can be stated as follows: 
ab- notes on a Rapport . . . sur le Daguerréotype by Macé- a 
doine Melloni," presented a very simple and crude With bright sky 
lens table of exposure times. He included recommenda- ‘* ‘In the months of May, June, July, August: 
lor tions for variously colored objects, different seasons, Between 7 and 10 a.m.) 
weather conditions, latitudes, and plate sensitivities. p.m. 20 sec. 
This exposure table (see page 16) was published in 
(d), late 1839, less than a year after Daguerre’s process 7 ae ae FG 10 sec. 
ain. was made public, and was, we believe, the first to ee 
ther appear, although Arago*:* had stated the need for In the months of April, September, October:. 
ing, varying exposure times five months earlier. Between 9 and 11 a.m.) 30 sec 
andes In this country, in 1840, J. R. Chilton of New York ~~ 32a 
sses, published a 16-page pamphlet entitled Full Description Between 1l a.m. and 1 p.m. 20 sec. 
| de- of the Daguerreotype Process: As Published by M. Da- Pee ; 
net guerre. . . On the last page of the pamphlet is an It is seen that no photography is provided for 
exposure table (Table I) prepared by D. W. Seager the months of November, December, January, Feb- 
rT of New York,!™ who is credited by Samuel F. B. ruary, March. : 
oto: Morse in a letter published in the New York Journal Eder and Stenger are in agreement on the year in 
ught of Commerce on Sept. 30, 1839, as having been the first which Albinus or Albanus published his table, but 
. a person to make a photograph (a daguerreotype) in this was about four years after the first table was 
the United States. !? published. 
nines Exposures here vary from 5 min for midday and After this, little appears to have been published 
eical bright sunlight, to 50 to 70 min on a heavily over- about exposure guides for some time. 
~eeil cast day at 3 p.m. or later or before 8 a.m. In Hu- Between November 1856 and May 1863, Robert 
abine bert’s Table the variation was of the same order, but Bunsen of Heidelberg, Germany, and Henry Enfield 
srical the shortest exposures were for white objects in Roscoe of Manchester, England, published a series of 
-d in ordinary sunlight in midsummer, and the longest papers'™ in the Philosophical Transactions of the Royal 


exposures were for other colored objects in winter. 
But Hubert noted that for latitudes nearer the equator 
these exposures should be shortened, and that on 
overcast days they must be lengthened. He also 
noted that for spring and autumn, intermediate ex- 
posures to those given in the table should be applied. 

Photographic historians have, for the most part, 
overlooked these early efforts to take into account 
the various factors in determining exposure. For 
instance, it is stated by J. M. Eder, in his History of 
Photography,© that the first exposure tables were 
published by C. F. Albanus, in 1844.* Erich Stenger, "” 
however, states that according to Blochmann (in 
Die Belichtungsmesser der photographischen Praxis, 1916, 
p. 3), C. F. Albinus [note the different spelling] 
published exposure tables in 1844 in his Vollkommene 


*Eder gives no references as to where the tables were published 
and so far we have not been able to verify his statement. 


Society, London, on their ‘‘Photochemical Re- 
searches.’’ In the course of their work they determined 
the actinic intensity of sunlight for various times of the 
year and hours of the day. Later Roscoe, and Roscoe 
and T. E. Thorpe, in a series of papers,'**—‘ supple- 
mented this earlier work of Bunsen and Roscoe with 
further investigations on the actinic value of total 
daylight at various times of day and months of 
the year, and at different latitudes. This and the 
previous studies will be discussed more fully in the 
next paper in our own series. The accurate data in 
all this work formed the basis for exposure tables and 
calculators prepared by others over many years until 
the time of Hurter and Driffield. 

In France in 1865, Professor Léon Vidal presented 
to the Société frangais de Photographie, through the 
intermediary M. Alphonse Davanne, a paper (no title) 


T This reference, too, we have not been able to verify. 
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TABLE OF GENERAL RULES 


FOR EXPOSURE OF THE PLATE IN THE CAMERA, IN TAKING EXTERIOR VIEWS. 


OT The following Table ia compiled partly from observation, and partly from analogy, and applies only to the period from 
the month of October to February. The observations were made upon ordinary city views. 


HOURS OF THE Day. 
STATE OF THE WEATHER. 
8 | 9 | 10 to 1/1 to 2/2 to 3) 3 and after ( 
Very brilliant and clear, wind stea-| sis 3 3 
dy from W. or N.W.,verydeep) § | | E] 
blue sky, and absence of redrays} % | | z % | 
at sunrise or sunset. Time em-| 2 | 2 | 2 a I 
ployed 15/8 | 6 6 7 12 to W 
Clear, wind from S. W., moderate- 
ly cold, but a slight perceptible ‘ 
vapor in comparison with above. I 
Time employed. .....seccssece 16 12 7 6 7 8 15 to 40 Q 
Sunshine, but rather hazy, shadows] 
nothard, norclearly defined. Time b 
employed 18] 14] 12 14 16 | 2%to 40 
Sunalwaysobscured by lightclouds, 
but lower atmosphere, clear from 
hazeandvapor. Timeemployed.| 30 | 20 | 18| 16 15 | 20 | 35 to 50 
Quite but lower 
phere, free from vapors. ime Table |. First exposure table pub- 
be employed..... 50 30 25 20 20 30 50 to 70 lished in the States, he 
F by D. W. Seager in 1840. [From § 
It is impossible at present, to state precisely the time required to expose the plate in Full Description of the Daguerreotype sc 
the camera at all seasons of the year; but the above table, drawn up by Mr. D. W. Process: as Published by M. Daguerre, fe 
Seacer, of this city, and which coincides in general with the observations of others. Extracted from the American Reper- TI 
may prove useful as a guide to experimenters. The time will necessarily decrease as tory of Arts, Sciences, and Manufac- is 
the summer months approach. Much, however, depends upon the selection of the tures, and published in a pamphlet is 
view; a white marble edifice, for instance, requires less time thandarker buildings. Ev. issued in New York by J. R. Chilton.!'*] ri 
in which he mentioned tables photometriques which it exposure in blue skylight approaches 1 and then re- ad 
was his intention to publish.'® He also mentioned verses so that on January 21 at 10 a.m. skylight th 
his photomitre portrait. But he did not include either exposure is about '/, that for sunlight, and on M 
the tables, or a description or illustration of the December 21, less than '/s that for sunlight. to 
photometer. He did describe the preparation of J. H. Pledge,*! in 1932, stated that Professor Scott, for 
silver chloride albumin paper.* of Dublin, in 1880,+ using data published previously th, 
R. C. Johnson, in the British Journal of Photography, by Bunsen and Roscoe'™* Scone ‘some tables deal- 19 
in 1866'* (see page 17), proposed a method of cal- ing with the variation in intensity of light during 
culating exposure for tables and calculators but did the year and as affected by time of day and latitude.” suf 
not, as far as we can determine, publish any tables. He goes on to say, “‘Burton’s tables, largely derived by 
Also, he did not mention the source of his in. from those of Scott, were published in the middle Ex 
. Holetschek, in 1878, published an article in eighties and have formed the basis of many similar tab 
Photographische Correspondenz,*® in which he included compilations.’’ There is also a book by A. R. Wor- for 
tables of relative exposure times for direct sunlight mald, Practical Index of Photographic Exposure, dated sho 
and for blue skylight, for hours from 4 a.m. to 12 1888, quoted by Pledge,*! which is said to contain obt 
noon, and from 12 noon to 8 p.m., for each month of similar tables.t com 
the year (Table II). Pledge seems to have “‘the cart before the horse.” J SUS 
In the middle of the day (10 a.m. to 2 p.m.) from The British Journal Photographic Almanac for 1883*” tor 
March to September, exposure is less for sunlight contains a ‘Table of Comparative Exposures,’ pre- vent 
than for blue skylight (as much as '/; of the exposure pared by W. K. Burton, amateur photographer, au- ard 
for skylight from May to July between 11 a.m. and thor of a number of manuals, and later a professor at B 
lp.m.). From May back towards January and from baede sho 
July to December the ratio of exposure in sunlight to t So far we have not been able to locate an article by Scott for 1880, _ 
nor any tables prepared by him at that time. 1. 
t Pledge does not cite original references, except the title and date 
* We have not been able to find the tables or illustration of the pho- of publicision of the Wormald book, which we have been unable ae 
tometer in subsequent issues of the Bulletin. to verify. * We 
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the Imperial University of Tokyo. In this table, 
exposure times are given in seconds or minutes for dif- 
ferent types of subject — Sea and Sky; Open Land- 
scape with Heavy Foliage in Foreground; Under 
Trees; Fairly Lighted Interiors; Badly Lighted In- 
teriors; Portraits in Bright Diffused Light Out- 
doors; Portraits in Good Studio Light; Portraits in 
Ordinary Room—at various apertures calculated by 
the ‘Standard System of the Photographic Society”’ 
(the newly introduced f-system). These tables were 
published again in 1884 and 1885, and in somewhat 
modified form in 1886 and 1887.*° 

In the Almanac for 1886, three years after Burton's 
tables first appeared, Dr. John Alfred Scott published 
a ‘Table of Comparative Exposures’’*** which gives 
exposure factors “‘to be used in conjunction with the 
Burton table.’ Taking 1 as the factor for the month 
of June at 12 noon of a sunny day, these factors repre- 
sent the number by which a standard exposure should 
be multiplied in any other month and at any other 
hour of the day between 4a.m. and 8 p.m. The Scott 
Table appeared again in the Almanac for 1887.**” 

The use of these combined tables was not entirely 
satisfactory because the kind and speed of plate, and 
the developer and method of development, were not 
taken into account. 

In Eder’s Jahrbuch fur Photographie und Reproduktions- 
technik, fur 1887, a number of tables were published 
giving data on the brightness of different light 
sources,?*—* and on relative exposure times for dif- 
ferent objectives and for variations in weather.**— 
The origin of the data in the tables for light sources 
is not given, but the first of the two exposure tables 
is based on Burton, and the second purports to be de- 
rived from Darval.* 

From 1929 through 1933, Ilford Limited, London, 
advertised in the British Journal Photographic Almanac* 
the Ilford Exposure Tables and an Ilford Exposure 
Meter, the latter presumably an actinometer-calcula- 
tor, and of no special interest at this point. The 
former, however, is of interest because it indicates 
that exposure tables had a marketable value as late as 
1933. 

In 1942, W. F. Berg, in an article entitled ‘‘Expo- 
sure Tables,’’*” presented an exposure table obtained 
by a process of averaging from existing tables. 
Exposure tests were oe to check that part of the 
table which deals with the variations in illumination 
for various times of the day and year. The tests 
showed that reasonably consistent exposures can be 
obtained throughout the year, and the day, on any 
one subject. Difficulties are experienced with expo- 
sure tables over the correct choice of weather condi- 
tions, and, even more, of subjects. The data had been 
used in designing the War Emergency British Stand- 
ard Exposure Tables. 

Berg notes that ag tables for amateur snap- 
shot work are usually based on the following as- 
sumptions : 


1. There is a standard light intensity for any par- 


* We have been unable to find any published data by Darval himself. 
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Nr. 176 u. 177. — Photograpbische Correspondeus 1878. 187 
‘ 
S = Expositions- Vormittag 
seit fiir directes 
Sonnenlicht 12° | 115 | 108 | o | | | 
90. Februar eel 22-9 
St. Juni ....... 8-8 8°9| 66:7 
21. October .... | | 7-2| 29-9 
H =Expositions- | | | 2 | | a | | 6 | | 
seit fiir blaues 
Himmelslicht Nachmittag 


Simmtliche Zahlen gelten, wie dies schon bei den Tabellen der 
ersten Abhandlung gesagt worden ist, nur fiir ein horizontal liegendes 
Flachenelewcat. 

Zu denjenigen Tagesstunden, zu welchen in der Tabelle die Be- 
lichtungszeit fiir directes Sonnenlicht fehlt, wiahrend sie doch fir das 
blaue Himmelslicht angefiihrt ist, wiirde sich fiir das erstere eine zu grosse 


Zahl ergeben, als dass sie fiir die photographische Praxis noch von irgend 
welcher Bedeutung wiire. 


Wien, September 1878. 


Dr. J. Holetschek. 


Table Il. J. Holetschek's exposure table for hours from 4 a.m. to 12 
noon, for sunlight and for blue skylight, for each month of the year. 
[From “Ueber die Lichtstarke in der Atmosphare," Phot. Corr., 15: 176- 
87 (1878).”°] 


ticular time of day and month of year at a certain 
geographical latitude. 

2. The correct exposure can be obtained by multi- 
plying the standard light intensity by a number of 
factors appropriate to weather conditions, na- 
ture of subject, speed of the photo material. 


3. All these factors are independent of each other. 


Exposure Calculators 


A patent for the earliest known ‘‘slide-rule for 

hotographic purposes’’ was applied for in England 
by David L. Salomons on March 8, 1888.2° This was 
not a calculator for determining original exposures 
from the factors previously mentioned, but an ex- 
posure converter, Assuming exposure to be known for 
a certain time and aperture, this, to quote the patent, 
“is a slide-rule . . . with which all the usual calcula- 


voy 


Woe 


Fig. 1. Hurter and Driffield’s Actinograph, their first exposure 


calculator. 


tions required by the photographer in reference to 
comparing lenses, lens s:ttings, equivalent values for 
setting lenses and their stops, can be accomplished 
without trouble, either at a glance or by setting the 
slide suitably and observing the results.” 

Prior to about 1880, the empirical approach to 
photography had been the general rule* among photo- 


* With the possible exception of Herschel, Claudet, and Bunsen 
and Roscoe, who were interested largely in other fields than photog- 
raphy itself. 
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graphic scientists, if they could be called such, and 
practical photographers, both professional and ama- 
teur. It was also the normal procedure in the infant 
photographic industry which had sprung up with the 
introduction of gelatin dry plates. 

The amateur photographers and trained scientists 
Ferdinand Hurter and Vero Charles Driffield were dis- 
satisfied with this type of approach. Driffield, an engi- 
neer by profession, had become interested in photog- 
raphy at an early age. In 1871, he joined the firm of 
Gaskell, Deacon & Co., Widnes Alkali Manufactur- 
ers, as an engineer. There he met and became as- 
sociated with Ferdinand Hurter, a scientist who had 
been born in Switzerland and had moved to Man- 
chester, England, in 1867. Hurter joined the Widnes 
firm as an assistant chemist and not long afterwards 
became chief chemist. 

wrote Driffield, in a manuscript pre- 
served in the archives of the Royal Photographic So- 
ciety,*” “I induced Dr. Hurter to take up Photog- 
raphy as a recreation, but to a mind accustomed like 
his to methods of scientific precision, it became 
intolerable to practice an art which—at that time— 
was so entirely governed by rule-of-thumb, and of 
which the fundamental principles were so little 
understood. Five years’ intimate acquaintance with 
Dr. Hurter and experience of his methods had deeply 
impressed me with his skill as an investigator, and 
when it was agreed that we should jointly undertake 
an investigation with the object of rendering Photog- 
raphy a quantitative science, it was with a keen 
appreciation of my privilege that I joined Dr. Hurter 
as his collaborator.” 

There followed a long series of investigations of 
sensitometry, densitometry, and the theory of the 
photographic process. Their work included the 
development a a practical system for determining 
— and processing photographs. *™ 

n 1881, Hurter was granted a patent on ‘‘Improve- 
ments in Actinometers or Photometers, or Instruments 
for Measuring Light.’’*"~* The purpose of this in- 


A TABLE or PHOTOGRAPHIC EXPOSURES. (suNticHT, JAN- DEC.) 
JAN.| FEB.) MAR.| APR.| MAY. | JUN. | JUL. | AUC. | SEP. | OCT. | NOV.| DEC. 
Vi — § 
60 
i = V4 
T 
10 
+ NOTE 
je 
are caiculaled for 
Fig. 2. “A Table [Chart] of Photographic Expo 


sures,” published by C. Wood in 1888.*! 
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strument was to provide a means by which the in- 
tensity of actinic light could be measured. We shall 
return to a discussion of this instrument in a subse- 
quent article in this series. Suffice it to say at this 
point that with it and with information gained from 
a whole series of scientific photographic researches, 
Hurter and Driffield together invented an exposure 
calculating device for which a patent was granted in 
1888.'*°'* This patent'* was applied for about 5 
weeks after Salomons made his application. The 
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Hurter and Driffield instrument, however, was a true 
exposure calculator. It was called an Actinograph, 
and was the first patented manually operated expo- 
sure calculator, separate from a meter, to be introduced 
to the photographic public (Fig. 1), but as we shall 
see, it was not the first device for determining photo- 
gtaphic exposure. 

According to Ferguson,*” Actinographs with simple 
instructions were first sold by Hurter and Driffield 
themselves at Widnes.** Apparently the devices 


Fig. 3. Britannia Works Co. Ltd. Calculator. Left, back of calculator; right, front of calculator, showing adjustable scales. (Phofo- 
graph courtesy of Percy W. Harris, F.1.B.P., Hon. F.R.P.S., F.P.S.A.) 
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Fig. 4. The Ilford Exposure Meter [Calculator]. 


Left, back view; right, front view. 
Hon. F.R.P.S., F.P.S.A. 


(Photograph courtesy of Percy W. Harris, F.1.B.P. 
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AD. 1894 Aran 30. N° 8515. 
PHILLIPS’ Come.ers Srsomwatios SHEET 


p>» 


DATE TABLE 


Ta] aha} 
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tw 


TALES 
ME AVY FOLIAGE 


PORTRA\ 


q 

PLATE Times wer Freer 

1313 
— 


Printed by Damo aud Lid Maiby Sams Prato te 
for Her Majesty, Office B95 
Fig. 5. Diagrams of William Henry Phillips’ exposure calculators, 
from a copy of his patent. 


gained popularity in a fairly short time, because in 
1894 the marketing of them was turned over to Marion 
& Co. of Soho Square, London, who advertised them 
in the British Journal Photographic Almanac for that 
and elsewhere. 

On the front of this calculator are four logarithmic 
scales, corresponding to the four factors: (1) exposure 
time; (2) light intensity; (3) f-value of the lens; and 
(4) plate sensitivity. Two of these scales are at- 
tached to a movable slide working between the two 
fixed scales. One of the latter relates to light in- 
tensity expressed in arbitrary degrees. The other 
fixed scale represents degrees of *‘inertia,’’ or slowness 
of the plate. 

It is stated in the patent that ‘‘in order to avoid the 
use of an instrument for directly measuring the light 
at the moment of we the sensitive plate we em- 
ploy, as a light scale, a diagram showing the aver- 
age relative intensity of light for every hour of each 
day throughout the year for any particular latitude.”’ 
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A separate curve is required for each latitude. These 
data were obtained by means of Hurter and Driffield’s 
Actinometer. 

Additional intensive experiments were required to 
obtain the data for the other scales. The latitude- 
month-and-time-of-day scales are on a chart wrapped 
around the cylindrical slide. After setting the in- 
tensity, f-value, and sensitivity scales at the appro- 
priate values opposite each other, the time of ex- 
posure is read from the fourth scale. 

The first Actinograph was housed in a suitable box. 
In 1892, however, an improved flat tablet form of the 
instrument was introduced which did not require a 
housing. 

Although others earlier had produced tables, 
photometers, actinometers, and calculators attached 
to meters, Hurter and Driffield were chiefly responsible 
for placing photographic photometry, sensitometry, 
and exposure measurement on a firm scientific founda- 
tion. 

In the Year-Book of Photography for 1888, C. Wood 
published an article*! and an exposure chart, by means 
of which exposure could be determined for a given 
plate, aperture of lens, and state of the atmosphere, 
at various times of the day and year. He scated that 
his data were accumulated over a period of several 
years and he pronounced the rule that ‘‘the exposure 
may be determined by dividing 54 [degrees altitude of 
sun at a certain time of day at a given place] by the 
altitude of the sun in degrees [at some other time of 
day]. The exceptions . . . were all exposures when 
the sun was very near the horizon... ."’ Directions 
were given for use of the chart (Fig. 2). 

On Nov. 5, 1892, Professor John Alfred Scott and 
John Howson, of the Britannia Works Co., Ltd., 
predecessor of Ilford, Ltd. (the name was changed in 
1900), were granted a patent on “‘An Improved Instru- 
ment for Calculating the Duration of Photographic 
Exposures’’*™ (Fig. 3). The patent application had 
been filed only a month before issuance. The calcu- 
lator appeared on the market about three years later, 
first as the Brittania Works Company Ltd. Calcula- 
tor®”” (a disk calculator) (Fig. 4), then in 1893 as the 
Ilford Exposure Meter (still a calculator),*** first in 
disk and then in tablet form. The latter was soon in 
general use. Later a combined calculator and ac 
tinometer was produced. The calculator was based 
on Burton’s?? and on Scott’s** tables which were 
derived from data published by Bunsen and Roscoe 
from 1856 to 1863" and from the later work of 
Roscoe and of Roscoe and Thorpe in 1867-1874." 
Later, modifications were made. 

About this time, the first announcement was made 
of **‘Wynne’s Infallible Exposure Meter,’’** which was 
actually a slide-rule calculator only 3 in. long, which 
“‘could easily be stowed away in the vest pocket.” 
This was soon replaced by an actinometer-calculator. 

On Jan. 19, 1895, William Henry Phillips received 
a British patent, for which he had applied during the 
previous year, on “‘An Improved Instrument for Cal- 
culating the Time of Photographic Exposures.’ 
The design called for either a flat tablet-type or 3 
disk-type of slide-rule device (Fig. 5). Phillips 
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posure calculators marketed from about 
. (A) “Universal’’ Pose-Metre, du Dr. J. H. Smith & 
ring the Cie, Zurich, Switzerland, 1900. (B) The Cheape Exposure Meter, 
for Cal- The Expodak Co., Charlottesville, Va., no date. (Cc) 
sures.” posure Meter, Burke & James, Inc., Chicago, lil., 1916. 
ype of 3 Exposure Disc, American Photographic Publishing Co. 
Phillips 1918. (E) Dibdin's Automatic Exposure Meter, Cad 


Ashtead, Surrey, Eng., 1894. (F) ‘Wellcome’ Exposure Calculator, 
in ‘Wellcome’ Photographic Exposure Calculator Handbook and Diary, 
Burroughs Wellcome &“Co., London, Eng., 1939.. (G) 
Harvey Ex- Belichtungsmesser, Germany, no date. (H) 
(D) Practical Photographe, Société Génerale d'Editions, 
Boston, Mass., MacMillan’s Exposo 
ett & Neall, Ltd., (J) 


Tonnies’ 
“Agenda de |’ Amateur 
Paris, France, 1891. (I) 
graph, A. W. MacMillan, Chicago, Ill., 1916. 
Le Posographe, Kaufmann, Puteaux, France, no date. 
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Fig. 7. Imperial Exposure Reckoner. 


marketed his device and, according to Pledge,*! ad- 
vertised it in Fallowfield’s Annual as late as 1909. 
Tables, charts, and calculators of various kinds 
have been invented and put on the market, a few be- 
fore and many since that time. Some of the devices 
have been in tablet form; some have been disk slide 
rules; some have been cylindrical side rules with the 
scales circling or spiraling around them. There are 
also calculators which have been attached to or built 
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into cameras. Dozens of patents and copyrights have 
been granted in the United States and in England 
France, Germany, and other countries, to cover the 
multitudes of so-called “‘improvements.’’ All have 
been based on the factors — in the first paper 
in this series, and differ from those mentioned here 
only in refinements and details of construction and 
shape. 

At the end of this paper is a list of patents, books, 
articles, and advertisements describing such devices. 
For the most part, the patent and other literature cited 
appeared in the United States and Great Britain, but 
a few selections from Germany and France are in- 
cluded. The period covered is from the time of Hur- 
ter and Driffield to the present.* Some of the devices 
based on the patents were marketed; others remained 
in the patent state. 

A French patent granted to Raymond-Joseph Giraud 
in 1932" for a slide-rule type of calculator is of 
interest because it appears to contain the first pub- 
lished patent in which the method of determining ex- 
posure is expressed in the form of equations for three 
types of lighting, as follows: 

1. For artificial (tungsten or other incandescent) 


lighting: 
4n%edja*c*k 
WEdsb 


in which t = the unknown time of exposure; n = the 
diaphragm employed; ¢« = a coefficient characteristic 
of the standard plate; d, = the sensitivity of the 
standard plate in degrees H & D; d2 = the sensitivity 
of the plate used; E = the intensity of the light 
source or of the light reflected from the object; a, b, 
c, etc. = the relative distances between the camera, 
the light source, and the subject, which are dependent 
on each other; and k = a coefficient characteristic of 
the refraction of the*®subject. 


* More complete information about these devices, and the patents 
not cited, can be obtained from the author. 
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Fig. 9. Kodak Master Photo- 
guide. * 


2. For magnesium lighting: 


4n*ed,a*c*k 


mad ob 


in which symbols which correspond to those in (1) 
have the same values and now E = a@, a = lighting 
power of the magnesium, and 8 = the quantity of 
magnesium. 

3. For sunlight: 


in which E = lighting of the subject at the definite 


| Aes! /s 
§/45/63) 9 1125) 18 


Fig. 10A. Ansco Color Film Exposure Guide—Outdoors, 
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date and hour of the summer solstice, or under a sky 
as a base calculated for these typical conditions; 
k, = a coefficient relating to a typical sky; ke = a 
coefficient relating to any sky; a; = angle of the sun’s 
rays on the fixed date indicated; a2: = angle of the 
sun's rays on any other date. 

Figure 6 shows a number of other typical exposure 
calculators marketed during the past sixty years. 
We shall mention here only a few other photoguides 
and calculators, which are of modern vintage. 

A simple calculator in booklet form, containing a 
cardboard slide rule and photographic data to as- 
sist in exposure calculations, was made available in 
England in 1929 (Fig. 7). It was intended for use with 


Fig. 10B. Ansco Color Film Exposure Guide—tndoors. 
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Imperial Exposure Meters, which were actinometers.* 

During World War II, the American Standards As- 
sociation published the American Emergency Standard 
Z38.2.2-1942, Photographic Exposure Computer.*© This 
was a calculator in booklet form that contained data 
and one dial calculator. After the war, this de- 
veloped into the American Standard Photographic Ex- 
posure Computer PH2.7-1955* (Fig. 8). 

Even before this publication, the Eastman Kodak 
Company had eeteinid individual Kodaguides in- 
tended for use by the amateur photographer. These 
were dial exposure calculators for specific types of 
Kodak films. The first model was completed in 1935 
and was intended for use with the new Kodachrome 
motion-picture film. It was made available com- 
mercially in June 1936. In 1951, these calculators were 
assembled with additional data and information in a 
booklet called Kodak Master Photoguide.* Included 
are calculators for both black-and-white and color 
films made by Eastman Kodak Company (Fig. 9). 
The latest printing is 1957. 
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In 1949, Ansco, Division of General Aniline and Film 
Corp., of Binghamton, N.Y., introduced an exposure 
calculator of the disk-tablet type, for use with Ansco 
Color Films.*® This has a plastic dial inside a double- 
faced plastic cover with windows (Fig. 10). 

The next paper in this series will be a survey of the 
history of actinometers and actinometric exposure 
meters. 
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Part |— Introduction 


In addition to the articles by Watkins,! Wilkinson,‘ Clark,® 
Sterry,® Milbauer,’ Eder,!® Stenger,'” and Pledge,?! the following 
sources provide general information: 
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Verlag der Photographischen Correspondenz, Wien, Leipzig, 1884, 
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tanica, 11th ed., University Press, Cambridge, Eng., New York, 
1911. 
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raphy,’ Phot. J., 76:119-25 (Mar. 1936). [Discusses actinom- 
eters, extinction meters, and photoelectric meters in relation to 
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Brit. J. Phot., 82: 789-91 (Dec. 13, 1935). [Reviews and discusses 
various types of exposure devices and meters. | 

Riist, E., ‘Requirements of a Reliable Exposure Meter,’ Kénotechnik, 
22: 51-4 (Apr. 1940). [Discusses merits of various types of expo- 
sure guides and meters, including the various types of photo- 
electric meters and combinations of these with visul meters.| 

Rockwell, Harvey P., Jr., ““Exposure,’’ Complete Photog., 5: 1601-32, 
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Harris, Percy W., ‘‘Meters and Memories . . . Seventy Years of 
Exposure Devices,"’ Modern Camera Mag., 20: 113-17 (Mar. 1956). 


[A general review. ] 


Part |l— Exposure Tables, Charts, and Calculators 
Many tables besides those already cited have been published over the 


years. We cite two, by the same author: 


Rheden, J., Photographische Belichtungstabelle mit Additionstabelle, 
Langer & Co., Wien, 1911. 

———., Belichtungstabellen mit Additionszahlen, 14th and 15th eds., 
Herlango. Photogr. Industrie — Gesellschaft m.b.H., Wien III, 
1922. 


Numerous charts also have been published, far too many to cite all 
of them here. Here are one patented chart and two books of charts: 
Pollak, Leo Wenzel (Prague), ge ge D. R. Pat. 
286,954, filed Jan. 12, 1915, accepted Sept. 7, 1915. [Chart for 
determining the relative exposure at different times of the day in 
different months of the year.] 
Photo-Manufaktur Robert Baier (Austria), “Appareil auxiliaire 
ee la determination rapide des temps de pose photographiques’’ 
evet d'Invent. 683,701, filed Oct. 22, 1929, accepted Mar. 4, 
1930. [A chart in a booklet. 
Allport, Hamilton, Photo Charts: Theory and Practice of Exposure, 
omo Publishing Co., Canton, Ohio, 1938. 45 pp. 


From 1899 to almost the present day, there have been calculators of 
tablet or disk slide-rule form, or cylindrical slide-rule form, for 
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still photography, one for motion pictures. | 


Computers for attachment to or built into cameras: 


Watkins, Alfred, ‘‘Improvements in Appliances for Adjusting and 
Working the Shutters and Diaphragms of Photographic Cameras,”’ 
Brit. Pat. 5,737, filed Mar. 27, 1900, accepted Mar.9,1901. [Slide 
calculator attached by gears to camera shutter and diaphragm. } 

Andrews, F. S., ‘Photographic Camera (with built-in exposure 
calculator),"’ U.S. Pat. 883,607, filed Mar. 3, 1904, accepted Mar. 
31, 1908. [Calculator on front of lens and shutter housing for 
setting exposure. | 

Edmunds, W. H., “Time Exposure Calculating Meter,’’ U.S. Pat. 
1,178,442, filed Jan. 18, 1915, accepted Apr. 4, 1916. [Calculator 
of slide-rule type located on a camera. | 

Rickman, William George, “‘Dispositif indiquant, pour differents 
tirages de la chambre noire, la valeur réducte de |'intemite lumin- 
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euse des ouvertures d'un objectif photographique et divers outres 
facteurs,’’ Brevet d'Invent. 557,005, filed Oct. 4, 1922, accepted 
Apr. 26, 1923; corresponds to Brit. Pat. No. 187,077, filed Aug. 
16, 1921, accepted Oct. 19, 1922. 

Franke und Heidecke (Braunschweig), ‘‘Vorrichtung zum Anzeigen 
der Blenden- und Aeschwindigkeitseinstellung bei Kameras mit 
iiber der Aufnahmekamera angeordnetem und gemeinsam mit 
dieser einstellbaren Mattscheibensucher,’’ D.R. Pat. 519,590, filed 
Feb. 12, 1931, accepted Mar. 17, 1931. [Exposure scales located 
near viewfinder. | 

Hineline, E. S., ‘‘An Exposure Guide Designed Particularly for 
Aerial Cameras,"’ assigned to Folmer Graflex Corp., U.S. Pat. 
2,343,257, filed Mar. 12, 1942, accepted Mar. 7, 1944. [Disk-type 
calculator mounted on camera lens mount. 

Simmons, A., ‘‘A Photographic Computing Device,’’ assigned to 
Simmons Brothers, Inc., U.S. Pat. 2,422,316, filed Mar. 29, 1946, 
accepted June 17, 1947. [Built into a camera as part of the bvilt-in 


exposure Meter. | 
Two examples of exposure calculators attached to flash guns: 


Kelley, R. R., and Schenck, R. E., “‘Built-in-Flash Calculator for 
Flash Guns,”’ U.S. Pat. 2,513,878, filed Sept. 29, 1947, accepted 
July 4, 1950. [Tubular-type calculator built into a flash gun. | 


Mundorff, G. T., ‘A Computer for Flash- and Flood-Lamp Photog- 
raphy,’’ U.S. Pat. 2,517,590, filed May 24, 1948, accepted Aug. 8, 
1950. 


Some special calculators devised for estimating print exposure (this 
classification also includes Refs. 15 and 35-39, above): 


Watrous, Charles Andrus, ‘‘Device for Determining Light Inten- 
sity,” U.S. Pat. 1,951,180, filed Jan. 21, 1933, accepted Mar. 13, 
1934. ° 


Rockwell, H. P., Jr., ‘Photographic Exposure Calculator,’ assigned 
to Weston Electrical Instrument Corp., U.S. Pat. 2,306,641, filed 
Feb. 19, 1941, accepted Dec. 1942. 


| Part III of Dr. Wightman’'s history of photographic exposure guides and meters will appear in an early issue of PSCE.| 
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PHOTOGRAPHIC SCIENCE AND ENGINEERING 
Volume 2, Number 1, June 1958 


Influence of Observer Adaptation on 


the Acceptance of Color Prints 


C. J. Bartleson, Color Technology Division,* Eastman Kodak Company, Rochester, N.Y. 


A qualitative investigation of the influence of chromatic adaptation on the acceptance of small 
color prints is described. Under controlled conditions, the acceptance of prints varies with chro- 
matic adaptation. In normal adaptation and viewing situations the prints apparently contribute 


more to the observer's adaptation. 


In either case, prints that are optimum under neutral 


adaptation conditions remain optimum or, at least, highly acceptable under varying conditions 
of viewing. Off-balance prints tend to cause the largest variation in acceptance when the 
conditions of observer adaptation vary. 


It has been said that “‘color photography treads a 
precarious pathway through visual processes.’"' 
This would seem to apply especially to small amateur 
color prints because the amateur photographer ex- 
pects “‘good’’ prints whether from over- or under- 
exposed negatives and from film exposed in daylight or 
artificial illumination. Moreover, he requires that 
the photographic reproduction look like the original, 
or his memory of the original, under a wide variety 
of illuminants and in many different surroundings. 

The characteristics of available color negative and 
print materials and the controls available in color 
printing make it possible to satisfy most of these 
requirements. In addition, complex and remarkable 
visual phenomena that come into play when color 
prints are viewed tend to mitigate reproduction defi- 
ciencies. 

These ‘‘adaptation effects’’ and their implications 
to the 2 Ro process have been discussed in 
detail by R. M. Evans.' 

In a motion picture theater, or in any other dark 
room in which color transparencies are viewed, the 
observer's adaptation is essentially determined by 
the color image. But when small color prints are 
viewed, the observer’s adaptation is normally set 
by the surroundings and the prevailing illumination. 
As the observer's eyes move about, the wavelength, 
purity, and luminance of the fixation point affect his 
visual sensitivities. He tends to adapt to the chro- 
maticity and luminance of the object he sees. Since 
his eyes are in almost constant motion and his vision 
covers essentially the entire field, his general adap- 
tation is dependent upon the chromaticities, lumi- 
nances, and sizes of all the objects in that field of view. 

There have been a number of investigations of color 


Presented at the Annual Conference, Asbury Park, N.J., 11 
September 1957. Received 15 September 1957. ‘ 
* Mr. Bartleson is now with the Kodak Research Laboratories. 
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appearance involving simple fields and simple test 
stimuli.? Recently, Burnham, Evans, and Newhall,** 
and MacAdam‘ have added a considerable amount of 
quantitative information to this field. 

There is no justification, however, for a simple, 
direct application of the results of experiments deal- 
ing with simple fields and simple test stimuli to the 
complex visual situations encountered when small 
color prints are viewed in ordinary surrounds. The 
prints themselves occupy only a small portion of the 
entire field, but sscnily represent a mentally com- 
pelling stimulus. Therefore, they may induce a dif- 
ferent psychological attitude on the part of the 
observer from that called forth by an imageless color 
chip. There is evidence also to suggest that the size 
of the print has a bearing on the perceived colors. 
Burnham’ found that, within limits, the apparent 
brightness and saturation of a colored area increases 
as its size increases. 

The present study deals only with small color prints 
of 3 X 3-in. image area. It is possible that a similar 
experiment involving larger prints might yield dif- 
ferent results. 


Nature of the Present Investigation 


The present investigation was carried out in two 
parts. The first was a control experiment. Simple, 
specifiable adapting fields were used in conjunction 
with color prints as complex test stimuli. This might 
be described as a qualitative, one-step extension of 
previous experiments. The second part was designed 
to obtain similar information on the appearance of the 
same prints in complex surrounds. These results 
could then be compared to the results of the control 
experiment, and some general, qualitative informa- 
tion could be obtained regarding appearance changes 
of small color prints in complex surrounds. 
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Fig. 1. Reproduction of test print used in the investigation. 


Experimental Procedure for the Control 
Experiment 


Several prints were made from one color negative. 
A black-and-white reproduction of such a print is 
shown in Fig. 1 and the approximate colors of various 
areas within the print are indicated in Fig. 2. A 
centroid or arbitrary ‘“‘ideal’’ print was empirically 
chosen with considerable care and a series of prints 
made by varying the red, green, and blue printing ex- 
posures to alter color-balance of the images while 
maintaining constant luminance. The log exposure 
variations were in 0.05 and 0.10 increments and ex- 
tended in six directions. Thus, there were two each 
cyan, magenta, yellow, red, green, and blue prints 
with respect to the centroid. 

The image area of each print was 3 X 3 in., a visual 
subtense of 5°44’ at 2'/s-ft viewing distance. The 
image area was surrounded by a '/,-in. white border 
subtending an angle of 29’. The 2'/2-ft viewing dis- 
tance was chosen since it would be the maximum 
distance at which prints of this size normally would 
be viewed. 

Red, green, blue, and neutral backgrounds were 
used for controlled variations in the observer's 
adaptation. The chromaticity coordinates with re- 
spect to C.I.E. Illuminant A together with the corre- 
sponding values of Y are shown in Fig. 3. As indi- 
cated by the values of Y, the surrounds were of 
approximately equal luminance. A diagram of the 
experimental apparatus is shown in Fig. 4. Each 
background occupied a visual angle of 48° by 40° 
and the ag weet d of the field was a uniformly neutral 
area. An illuminant of approximately 3000 K sup- 
plied an illumination level of about 20 ft-L. 
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Fig. 2. Approximate colors of various areas within the test print. 


VALUES OF Y 


N=0.262 
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Fig. 3. Location of control surround chromaticities on CIE color mixture 
diagram. 


Of the nine observers, six had long experience in 
evaluating color prints, one had better than average 
skill and two had long experience in color matching. 
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Each observer was familiarized with the approxi- 
mate range of color variation of the test prints and 
was then instructed to classify each print as accept- 
able or not acceptable by means of a slider scale that 
was marked from plus to minus §. Acceptable prints 
were assigned positive values, prints 
negative values, with optimum quality being ranked 
+5 and poorest quality —5. 


CONTROL 
BACKGROUND 


NEUTRAL 
PERIPHERY 


OBSERVER CHIN REST 

Fig. 4. Schematic diagram of experimental apparatus showing the 

location of observers with respect to control background. Prints were 
displayed in the center of the background. 


Each observer used a chin rest that located his eyes 
approximately 2'/, ft from the center of the back- 
ground. The observer was instructed to fixate on 
the center of each background for an initial period of 
3 min. This enabled him to become well adapted 
to the surround prior to the viewing of the prints. 
Three minutes has been found sufficient for essentially 
stabilized adaptation at these luminance levels.° 
The order of presentation of the surrounds was ran- 
domized. 

After the 3-min adaptation period, the observer 
was notified that print viewing was about to begin. 
The classical, single-stimulus approach’ was used. 
The observer was permitted to view each print for 
one second. This was not long enough to allow a 
detailed study of the print but was more than suf- 
ficient for perception and reaction to the color of each 
print, since an action-time of over 0.2 sec is generally 
sufficient for a stabilized perception of all colors.* 
The short stimulus exposure-time was chosen to 
maximize any color appearance changes that might re- 
sult from the variation in chromatic adaptation® and 
served to make the present results directly compa- 
rable to those reported elsewhere for simple field con- 
ditions. Preliminary observation showed that ex- 
posure times longer than one second allowed con- 
siderable local adaptation to the print and, as a 
result, its color appearance changed continuously and 
rapidly. 

After the print was removed from his field of view, 
the observer adjusted the slider scale to indicate his 
scaled response. This usually required from 1 to 2 
sec, and after a 20-sec re-adaptation period, another 
print was shown. This procedure was repeated until 
all 13 prints had been evaluated. The prints were 
presented in a different random order for each back- 
ground and to each observer. 
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Treatment of the Data 


The negative and positive values that each observer 
assigned to the prints were converted to a scale of 0 
to 10. A rank of —5 became 0 and +5 was equal to 
10. Some observers judged all prints to have a poorer 
quality level than others. In order to clearly reveal 
trends in acceptance variation as a function of adapt- 
ing field, the data were normalized by assigning a 
value of 10 to the highest value used by each observer 
and adjusting all other values appropriately. This 
is an accepted technique in treating ranking data’ 
and amounts to equalizing the observers’ scales of 
judgment for any one set. 

From the normalized data the mean rank and 
standard deviations were computed for each print and 
each viewing condition. The averages of the stand- 
ard deviations for each condition were used as an 
indication of comparative precision of judging under 
different surround conditions. 


Results of the Control Experiment 


Since the luminances of all prints were equal, the 
data can be presented on a simple color plane rather 
than in a three-dimensional space. A color plane 
having equal log exposure increments was constructed, 
and examples are shown in Figs. 5-8. Changes in the 
hue of log exposure are represented by equal angular 
increments. The magnitude of the off-balance con- 
dition is represented by the radial increments. 

The mean rank for each print under any one view- 
ing situation is indicated at the points of intersection 
on this color plane. Reference points corresponding 
to a rank of 7.5 were then located by linear inter- 
polation. The value of 7.5 was chosen, since all 
prints having a higher ranking may be considered 
definitely acceptable. 

These average acceptance contours for the four 
adaptation conditions are shown in Figs. 5-8. The 
acceptance contours show a definite tendency to shift 
in the direction of the color of the surround. When 
adapted to red, the average observer was more toler- 
ant of red and magenta color balance and less tolerant 
of cyan, green, etc. Similarly, a green or blue adapta- 
tion brought higher acceptance of green or blue prints, 
respectively. The neutral adaptation condition pro- 
duces generally lower over-all tolerance for off-color 
prints, and the acceptance contour is centered about 
the neutral point in the color plane. The lower tol- 
erance for green and magenta prints under the neutral 
adaptation conditions is of interest and is in good 
agreement with empirical observations. 

In general, the control experiment data agree well 
with results of previous investigations in which 
simple stimuli were used. Under the viewing condi- 
tions and the stimulus exposure times of the control 
experiment, the visual complexity of the color print 
did not negate the chromatic adaptation effects 
which tend to shift the hue evoked by any stimulus in 
a direction complementary to that of the adapting 
stimulus. 
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Neutral Adaptation 
R 


Fig. 5. Contour of interpolated 7.5 average rank for neutral adapta- 

the tion plotted on uniform log exposure color plane. The values corre- 

sponding to centroid, 0.05 and 0.10 Log E prints indicate the average 
rank for those prints. 


rer- Green Adaptation 
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in 
ing Fig. 7. Contour of interpolated 7.5 rank for “green’’ adaptation 
plotted on uniform log exposure color plane. 
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Red Adaptation 
R 


c 


Fig. 6. Contour of interpolated 7.5 rank for “red” adaptation, plotted 
on uniform log exposure color plane. 


Blue Adaptation 


c 


Fig. 8. Contour of interpolated 7.5 rank for “blue” adaptation 
plotted on uniform log exposure color plane. 
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Second Phase of the Investigation 


After confirming that the acceptance contours 
varied with controlled adaptation conditions, ob- 
server acceptance was examined under more complex 
surround conditions. Much the same procedure was 
used for collecting these data. The observers were 
again allowed to adapt for a period of 3 min. The 
same ranking procedure, with the slider scale, was 
used. The same prints used in the control experiment 
were viewed by the observers against aries com- 
plex backgrounds. In this case, however, the ob- 
server was allowed to view one print at a time, held 
in his own hand, and at his leisure. This was done in 
order to simulate more closely normal viewing prac- 
tice. 

It was found that each observer examined each 
print for nearly the same length of time, but some 
observers required more time for evaluation than 
others. All observers required slightly less time to 
evaluate prints that were far off neutral in color bal- 
ance. 

Three sets of data were obtained with two dif- 
ferent scenes used as surrounds. The first scene (Fig. 
9) was constructed in an attempt to reproduce the 
shapes and sizes as well as hues of objects that might 
be encountered in a living room. The chair was of 
green leather. The left-hand wall had a buff back- 
ground with tan and green figures. The wallpaper 
on the right had a grayish-green background with 
slight areas of silver and pink in the figures. The 
table was natural rush, and the lamp base and vase 
were white with green and tan decorations. Both 
lamp shade and tablecloth were neutral. The floor 
was black-and-white marbleized asphalt tile. The 
primary illuminant produced approximately 16 ft-L 
and had a color temperature of about 2850 K, while the 
color temperature of the table lamp was roughly 
2420 K. The entire scene subtended a visual angle 
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Fig. 9. “Living room scene” used as a complex sur- 
round in second experiment. 


of 122° by 93°. Seven of the original observers 
participated in this part of the experiment. 

The second scene, illustrated in Fig. 10, was chosen 
because it represented a familiar background for all 
observers. They spend much of their working time 
in similar surrounds and very often view prints under 
these conditions. The desk top was a bluish near- 
neutral, and the bookcase an off-neutral green. The 
books and other objects were varicolored. The 
scene subtended a visual angle of 75° by 59°. 

This office scene was used for two different deter- 
minations in which the variable was the illuminant. 
In one case, there was a mixture of tungsten in which 
the component color temperatures were approxi- 
mately 2850 K and 3000 K and the level of illumina- 
tion was approximately 20 ft-L. The second situation 


Fig. 10. “Office scene” used as a complex surround in second 
experiment. 
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involved a mixture of filtered blue tungsten light. 
The relative energy distributions of the two compo- 
nents of this mixture are shown in Fig.11. The mix- 
ture was not entirely homogeneous, there being more 
of component A in the center of the field than at the 

riphery. The level of illumination was approxi- 
mately 10 ft-L. Six of the original observers were 
used for each of these two conditions. 

The data were treated like those from the control 
experiment, both mean values and standard devia- 
tions being computed from normalized values. 


Results of the Second Experiment 


Acceptance contours for the three complex viewing 
situations are shown in Figs. 12, 13, and 14, where 
both the 7.5 rank contour and the 9.0 contour have 
been plotted. In the case of the office scene with 
blue illumination, the 7.5 contour is shifted in a color 
direction roughly complementary to the illuminant. 
This shift is probably Jue to the non-homogeneity of 
the illuminant mixture, but the exact reason need not 
be of concern here as long as it may be established 
that the shift is real. 

In an attempt to answer this question, four of the 
observers repeated the two office-scene portions of the 
experiment. Their original and replicate data are 
shown as acceptance contours in Figs. 15 and 16, 
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Fig. 11. Energy distribution of two sources used for “blue” illuminant. 


TABLE | 
Standard Deviations for Observer Ranking 


Viewing Conditions 


“Office”’ 
“Living with with 
Print Neutral “Red” Green Room” tungsten “blue’’ light 
Neutral 1.06 1.02 0.90 1.05 1.99 0.20 0.57 
0.05 red 1.3] 1.07 0.92 1.01 1.54 1.89 2.56 
0.10 red 0.87 0.92 0.81 0.86 1.00 2.48 0.85 
0.05 green 0.74 0.84 1.07 0.94 1.66 1.83 0.72 
0.10 green 0.51 0.40 0.69 0.41 0.75 1.25 1.91 
0.05 blue 1.16 0.90 1.00 1.43 1.69 1.37 1.44 
0.10 blue 0.69 1.39 0.62 0.74 0.65 1.73 1.81 
0.05 cyan 1.54 0.81 1.33 1.05 1.63 2.32 1.58 
0.10 cyan 0.92 1.09 1.04 0.83 1.34 1.93 E32 
0.05 magenta 1.14 1.07 1.07 0.86 1.68 2.61 2.07 
0.10 magenta 0.85 0.84 0.94 0.59 1.91 1.52 
0.05 yellow 1.10 0.93 1.01 1.05 1.53 2.46 2.30 
0.10 yellow 0.98 0.82 0.89 1.07 0.98 1.45 2.90 
a 0.991 0.930 0.929 0.891 1.334 1.772 1.652 
TABLE II 
Average of Standard Deviations for Observer Ranking of 
Near-Optimum Prints and Off-Balance Prints 
Viewing Conditions 
**Office”’ **Office”’ 
“Living with : with 
Prints Neutral “Red” Green” Room” tungsten light 
— 1.151 0.948 1.012 1.012 1.674 1.811 1.606 
0.10 0.804 0.910 0.833 0.750 0.937 1.726 1.706 


| 
4! \ 
/ \ 
4 / 4 
/ 
ers 
en 
all 
me 
der 
ar- 
he 
‘he 
er- 
nt. 
ich 
Xi- 
on 


38 BARTLESON PS & E, Vol. 2, 1958 


Living Room 
R 


Fig. 12. Contours of interpolated 7.5 and 9.0 ranks for adaptatioon t 
the “living room” ‘surround. 9.0 rank contour is indicated by the 
dashed line. 


Office Scene 
with Blue Iiiumination 


Fig 14. Contours of interpolated 7.5 and 9.0 ranks for adaptation to 
the “office scene" with “blue” illumination. 
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Fiz. 13. Contours of interpolated 7.5 and 9.0 ranks for adaptation to 
the “office scene” with tungsten illuminati 


Office Scene with Tungsten 


First Observation 
----- — Second Observation 


Fig. 15. Original and replicate contours of four observers adapted to 
the “office scene” with tungsten illumination. 
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where the first observations are indicated by solid 
lines, and the replications are shown as dotted lines. 
The correspondence between the two independent 
determinations is good and is indicative of good ob- 
server reliability. 

The standard deviations (c) for all conditions in 
both experiments are shown in Table I. The aver- 
ages of the sigmas (&) for each surround condition are 
shown at the bottom of the table. The standard 
deviations were, in general, higher with the complex 
surrounds than with the simple backgrounds. The 
average sigmas of about 1.0 indicate that most ob- 
servers ranked the prints viewed against simple back- 
grounds within about 10%. The average sigmas 
for the centroid print plus the 0.05 log E prints have 
been computed separately from the averages for the 
0.10 prints in Table II. It appears from these data 
that, for the ms of color balances involved, it is generally 
easier to identify a poor print, and there is more agree- 
ment among observers in ranking it than near-opti- 
mum prints. This is most clearly evident under the 
conditions of the control experiment, but is question- 
able for the more normal viewing conditions. 

It may be seen in Figs. 12, 13, and 14, that the 
highest acceptance contour is generally located quite 
closely about the centroid. Under complex surround 
conditions, and with leisurely viewing, the centroid 
print received, on the average, the highest rank. 
This was not necessarily the case in the control ex- 


Office Scene with Blue Light 


First Observation 
------ Second Observation 


Fig. 16. Original and replicate contours of four observers adapted to 
the “office scene” with “blue” illumination. 
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periment, as may be determined from Figs. 5-8. 
Even in the control phase, however, the centroid print 
was always in the definitely acceptable category. 


Conclusions 


It is concluded that the relative acceptance of 
small color prints is affected by the surrounds in 
which they are viewed. For the most part, prints 
that are optimum or near-optimum under neutral 
conditions remain optimum, or at least highly ac- 
ceptable, under varying viewing conditions. It is 
significant that under normal viewing conditions 
Ci.e., complex fields), even when the over-all accept- 
ance contour shows a bias away from neutral, the 
centroid or ideal print is ranked highest. Prelimi- 
nary observations of the control experiment suggest 
that even when the luminances of print and surround 
are nearly equal, the print has a significant effect 
on the observer's adaptation. This was illustrated 
by the magnitude of the color-appearance changes 
that occurred with stimulus exposure-times greater 
than one second. 

The data indicate that optimum prints would prob- 
ably remain acceptable under most normal viewing 
conditions. The off-balance prints apparently cause 
the largest variation in acceptance when the condi- 
tions of observer adaptation vary. In some, cases, 
an off-balance print may be acceptable owing to 
chromatic adaptation effects but under other viewing 
conditions it may be unacceptable. 

These facts are in themselves good arguments for 
the use of quality control procedures in the produc- 
tion of amateur prints. The inspection system should 
be standardized to fairly normal and, if possible, 
neutral conditions where the acceptance tolerances 
apparently are smallest. With the printing process 
aimed at producing optimum prints under these con- 
ditions, there is some assurance that prints will be 
considered “‘good’’ by most observers in most view- 
ing situations. 

The results of the present investigation, however, 
should not be extrapolated to cover all situations. 
The. investigation was designed and carried our to 
obtain only qualitative information. This confirms a 
number of empirical notions and offers some helpful 
information for determining the aims of a print- 
ing and inspection system that must handle small 
amateur color prints. 


References 


1. Evans, R.M., J. Opt. Soc. Am., 33: 579 (1943). 

2. Burnham, R. W., Evans, R. M., and Newhall, S. M., J. Opt. 
Soc. Am., 42: 597 (1952). 

3. Ibid., 47: 35 (1957). 

4. MacAdam, D. L., J. Opt. Soc. Am., 46: 500 (1956); Jour. 
SMPTE, 65: 455 (1956). 

5. Burnham, R. W., Am. J. Psychol., 65: 27 (1952). 

6. Wright, W. D., Researches on Normal and Defective Colour Vision, 
C. V. Mosby Co., St. Louis, 1947. 

7. Guilford, J. P., Psychometric Methods, 2nd ed., McGraw-Hill 
Book Co., New York, 1954. 

8. Broca, A., and Sulzer, D., Compr. Rend. Acad. Sci., 134: 
831 (1902); 137: 944, 977, 1046 (1903). 


| 


PHOTOGRAPHIC SCIENCE AND ENGINEERING 
Volume 2, Number 1, June 1958 


Color Response of Current Amateur Reversal Color 


Films to Three Electronic Flash Units 


R. E. Grimm, Nems-Clarke Company, Silver Spring, Md. 


The increasing use of electronic-flash light sources in color photography has brought about the 
need for more accurate information about their characteristics. In the past it has been deemed 
adequate to state that a xenon-filled flashtube emits light of “approximately daylight color 
quality.” Various color filters are needed, however, to obtain satisfactory color balance when 
color photographs are made on reversal-type color films with electronic flash illumination. The 
investigation described here was undertaken to establish whether any one filter would give 
satisfactory results with the different types of color reversal film available today and, if not, what 
filters should be used with each specific type of film in combination with three electronic flash 


units. 


The color quality of light emitted by electronic flash 
lamps is quite similar to that of daylight for which 
daylight-type reversal color films are balanced. How- 
ever, when such films are exposed by electronic 
flash illumination a color filter must be used as a rule 
to obtain satisfactory color reproduction. Two fac- 
tors contribute to this difference in color film response: 
the small but definite dissimilarities in the spectral 
distribution of the two types of illumination; and the 
differences in reciprocity failure characteristics of the 
three emulsions of color films. The normal exposure 
time in daylight color photography is near '/50 sec, 
whereas with most portable electronic flash units 
of the low voltage type, the flash duration, and hence 
the exposure time, is about '/;290 sec, and may range 
from '/s9 to '/2500 sec. At such short exposure times, 
the absolute speed of the blue-, green-, and red-sensitive 
emulsions of color films, as well as their speed rela- 
tions, usually differ significantly from corresponding 
values at the '/so-sec exposure time level, i.¢c., the 
emulsions exhibit reciprocity failure and to varying 
degree. 

me manufacturers of electronic flash equipment 
have attempted to compensate for these color-balance 
changes by means of red dots painted on the lam 
envelopes, with built-in yellow filters, and even wit 
gold-colored reflectors. A similar motive prompted 
the investigation to be described here, in which the 
performance of current daylight-type amateur reversal 
color still films was evaluated with three electronic 
units, in the hope that a single color-correction filter 
could be designed that ee be satisfactory for all 
three units and all films. 

Manufacturers of amateur color films publish guide 
numbers and filter data for electronic flash photog- 
raphy, but these recommendations apply to the 
average product. Individual batches may differ in 
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color balance from average owing to accepted manu- 
facturing variations, product aging, and processing 
variations. Moreover, the published data must be 
useful with a wide variety F peonveomein and may not 
yield the best possible results with any given unit. 

An independent investigator normally does not 
have precise information on all these factors, but 
fortunately such knowledge was not essential in this 
investigation, because the color film served only as a 
comparison medium. By exposing different portions 
of the same film sample to a standard reference source 
and to the light source under study, variations in 
product, in aging, and in processing were rendered 
insignificantly small and any color-balance differences 
between frames could be ascribed to differences in 
light source effectiveness. 

It was necessary, of course, to find a reference source 
that was stable, reproducible, and close to daylight in 
spectral distribution. Daylight itself was not con- 
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Fig. 1. Comparison of daylight to a 6000-K blackbody. 
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Fig. 2. Comparison of 900-v flashtube to daylight. 


venient to utilize owing to uncertain weather condi- 
tions and therefore an artificial daylight illuminant 
was needed. Davis and Gibson! have Sesigsned liquid 
filters that attenuate the light of tungsten filament 
lamps to near daylight color quality. However, it 
was considered simpler and sufficient for this investi- 
gation to employ No. 5 clear flash lamps and to modify 
their light with Wratten gelatin filter foils. Pre- 
liminary tests proved that flash lamps from a given 
batch and manufacturer emitted light of remarkably 
uniform intensity and spectral quality. 
A comparison of the ay distribution in the day- 
light spectrum, as ss by Taylor and Kerr,” and 
that of a black body at 6000 K is given in Fig.1. A 
similar comparison of the spectral Sontiniian of day- 
light and that of light emitted by a low-voltage elec- 
tronic flash tube* is shown in Fig. 2. It was calcu- 
lated that a CCI5 filter would convert this flash light 
to daylight quality within the accuracy of the given 
data. The color quality of No. 5 clear flash light is 
about 3800 K and this was assumed to be its value for 
purposes of this test. It was then calculated that a 
Wratten CC25B plus a Wratten CC30C filter would 
modify the color quality of the clear flash light to near 
daylight (see Figs. 3 and 4) and this lamp-and-filter 
combination was chosen as the standard, or reference, 
daylight source. Tests made with different color 
films showed that the color-balance match was satis- 
factorily close. Of course, the filters had to be cali- 
brated prior to use. 

The tests were carried out with four daylight-type 
35mm reversal color films; Anscochrome, Super 
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Fig. 3. Comparison of daylight to a 3800-K blackbody. 


COLOR RESPONSE OF REVERSAL COLOR FILMS 4] 


Anscochrome, Kodak Ektachrome Type E-2, and 
Kodachrome. The pertinent characteristics of the 


electronic flash units that were used are noted in 
Table I. 


TABLE | 
Flash Watt/ Flash Operating Exposure 
Unit Seconds Tube Voltage ime 
Megalume 1 100 FT218 900 v 1/2500 sec 
Megalume 2 200 FT218 900 v 1/1250 sec 
Megalume 3 50 FT118 450 v 1/1250 sec 


The Megalume 3 has stronger emissions in the near 
infrared than the other two units and this results in an 
increase of about 6 per cent in the exposure of the red 
sensitive layer of color films. 

The test procedure consisted of photographing a 
Kodak Reflection Gray Scale under artificial daylight 
and unfiltered Megalume illumination. Both expo- 
sures were made on the same roll of film and thus film 
and processing variables were minimized. The color 
filter likely to yield the best match between the day- 
light and the electronic flash exposures was then 
deduced from color densitometric measurements of the 
gray scale images and additional photographs made 
with the standard source as well as the filtered and the 
unfiltered Megalume sources. The tests were repli- 
cated and different emulsion numbers used to deter- 
mine a reliable average value and to secure data on 
film variability. The variations between emulsions 
of a given film type were found to be smaller than a 
CCO0S5 filter. The color-correction filters that were te- 
quired to secure a match between the effects of the 
Megalume units and the daylight source are shown in 
Table II. 

Since filcers are not available that have the exact 
transmission characteristics of those given in Table 
II, the nearest types commercially available are listed 
in Table III. 

Of course, these filters will not correct color balance 
variations from neutral that exceed a CCO5 filter and 
that which may be due to manufacturing variations, 
aging, improper processing, or the like, nor can all 
films be made to reproduce colors alike. These filters, 
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Fig. 4. Spectral absorption of filter to convert 3800 K to daylight. 
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TABLE II 


Measured Color-Correction Filters Necessary 
To Match Megalume to Daylight 


PS & E, Vol. 2, 1958 


TABLE Iil 


Recommended Approximate Color-Correction Filters 
To Match Megalume to Daylight 


Megalume Megalume Megalume 
Film Type : t 5 Film Type Megalume 4 Megalume 2 3 
Anscochrome 10Y 10Y 10Y + 02C Anscochrome 10Y 10Y 10Y 
Super Anscochrome 12Y 12Y 10Y + 03C Super Anscochrome 10Y 10Y 10Y 
Ektachrome E-2 None O3Y None Ektachrome E-2 None None None 
Kodachrome 13Y+03M 13Y + 03M 10Y Kodachrome 81B or 81A 81B or 81A 10Y 


however, do yield results with the units cited that are 
comparable to those obtained in daylight. 

It is evident from the above data that the light 
emitted by three similar electronic flash units cannot 
be attenuated by a single filter, or filter combination, 
to yield acceptable color reproduction with reversal 
color films of different manufacture. A more precise 
match in the color quality reference source used in 
these tests and daylight may have permitted some- 
what greater refinement in test data, but practical 
outdoor exposure tests indicate that the test data 
obtained are quite satisfactory. 

The different behavior of the various color films may 
be attributed to differences in emulsion sensitization 
and reciprocity failure characteristics. Similarly, the 
differences in response of any given film to the three 
flash units may be ascribed in part to reciprocity 
failure, since the flash duration varies from the Mega- 
lume 1 to the Megalumes 2 and 3. Moreover, the 
Megalume 3 has a higher red light output than the 
other two units. 

Anscochrome and Super Anscochrome have almost 
identical responses to radiation from a Megalume 1 or 
a Megalume 2 unit and require only a reduction in blue 
sensitivity. With the Megalume 3, slightly addi- 
tional red absorption is required. One would conclude 
that these films do not exhibit significant reciprocity 
failure at exposure times as short as 1/2500 sec, and 
that the correction filters are required because the elec- 
tronic flash light does not match daylight in color 
quality. This is in substantial agreement with data 
published by the film manufacturer.* 

Ektachrome E-2 shows a rather different response, as 
shown in Table II. The fact that a different filter is 
required for the Megalume 1 than for the Megalume 2 


is indicative of some reciprocity failure. The blue 
sensitivity of Ektachrome E-2 decreases relative to its 
red and green sensitivity as the exposure time is de- 
creased. This loss is approximately 20 per cent for an 
exposure duration of 1/2500 sec and thus the need for 
a correction filter is counterbalanced. When the 
exposure time is increased to 1/1250 sec, less reciproc- 
ity law failure occurs and a CCO3Y filter is necessary, 
In practice, adequate color rendition is obtained with- 
out a filter. 

Kodachrome required the heaviest filter correction. 
Since the same filter was needed with the Megalume 1 
and the Megalume 2 unit, negligible reciprocity fail- 
ure may be assumed. The need for the denser 81A 
correction filter may be ascribed to different sensitiza- 
tion of Kodachrome film emulsions. Actually the 
81A filter did not yield quite enough blue absorption 
for the Megalumes 1 and 2, while the 81B filter had 
slightly too much green absorption. Both filters, 
however, produced satisfactory results. With the 
Megalume 3 only blue absorption is needed, and there- 
fore the 81A or 81B should not be used. 
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e Cameras, Components, and Accessories 
High-Speed Kerr Cell Camera 


Electro-Optical Instruments, Inc., Pasadena, Calif., 
has introduced the new Model KSC-10 Kerr Cell 
Camera with which effective exposure times of 0.1 
usec may be obtained. The camera shutter operation 
can be synchronized to the event being photographed 
within one millimicrosecond (10~° sec). 

The instrument consists of a Graflex Crown Graphic 
45 camera, an electronically gated Kerr cell shutter 
unit, and an electronic modulator unit (EM-10) con- 
taining a Kerr cell high-voltage pulse generator and a 
synchronizing pulser. An externally applied signal 
activates the synchronizing pulser and provides a fast- 
rising pulse which can be used to trigger both the 
Kerr cell pulse generator and the phenomenon to be 
photographed. 

The Model KSC-10 is one of a series of ultra-high- 
speed cameras, covering the range from milliseconds to 
millimicroseconds. 


An Image-Converter Tube for High-Speed Photographic 
Shutter Service 


R. G. Stoudenheimer and J. C. Moar, RCA Rev., Vol. 
18, pp. 322-331 (1957). 


A developmental image-converter tube is described 
which embodies electrostatic focus, a shutter grid, 
and electrostatic deflection. The tube is intended for 
multiple-frame photography of transient events as 
short in duration as 10 millimicroseconds. The op- 
erating characteristics of the tube are discussed, with 
emphasis on the low gating-power and deflection- 
power requirements. Illus., 5 refs. 


Portable Power Supply for High-Speed Cameras 


Donald H. Peterson and Niel G. Currie, J]. SMPTE, 
Vol. 66, pp. 618-621 (1957). 


A new portable power supply has been designed for 
operation of high-speed cameras in temporary loca- 
tions. It is a mobile unit which can be placed in 
service quickly, with all necessary electrical power ob- 
tained from its 3-phase power system. An enclosed 
trailer contains a permanent installation of trans- 
formers, electrical distribution systems, and circuit 
controls, and provides storage space for cameras and 
accessories. The lights, cameras, and test event can 
be controlled from a remote test panel. Illus. 
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Equipment for Industrial High-Speed Cinematography 


John Hadland, J. Phot. Sci., Vol. 5, pp. 131-134 
(1957). 


Some of the cameras and lighting equipment avail- 
able for high-speed photography are reviewed. Ex- 
amples are given of the use of this equipment in the in- 
vestigation of industrial production problems. Illus. 


Low-Temperature Camera for X-Ray Diffractometer 


L. K. Jetter, C. J. McHargue, R. O. Williams, and H. 
L. Yakel, Rev. Sci. Instr., Vol. 28, pp. 1087-1088 
(1957). 


A brief description of a camera built for use with the 
vertical Norelco diffractometer in the study of poly- 
crystalline and powder samples in the temperature 
range of 77 to 475 K with control to 0.5K. Illus., 13 
ref. 


Calibration of Airplane Cameras 


Anon., NBS Tech. News Bull., Vol. 41, pp. 170-171 
(1957). 


A brief description of a photographic camera cali- 
brator developed by the National Bureau of Standards 
for calibration of airplane cameras. The heart of the 
instrument is a bank of 25 collimators arranged in the 
form of a cross and suspended from a table having a 
circular opening. The collimators provide distant 
targets for the camera, which is mounted above the 
— opening of the table during the test. Illus., 
3 ret. 


Synchronization of a High-Speed Prism Camera 
by Frame Counting Technique 


D. A. Hall and S. O. Bailey, Report of NRL Progress, 
Sept. 1957, pp. 15-20. 


Development of motion-picture cameras capable of 
framing rates up to 17 per millisecond has made pos- 
sible the investigation of transient phenomena of less 
than one-millisecond duration but synchronization of 
such phenomena with camera exposure is not easily 
accomplished with conventional timing apparatus, 
owing to small variations in camera performance. 
An improved synchronization system has been de- 
veloped at the Naval Research Laboratory in which 
the frames are counted electronically, and the event to 
be photographed is triggered after a preset frame count 
has been reached, independently of the time required 
to reach a given film position. Illus. 
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An Advance in Colour Photomicrography 
of the Living Eye 


J. H. Prince, J. Royal Microscopical Soc., Series 3, Vol. 
76, Part 3, 1956, pp. 107-111 (published Oct. 1957). 


A new slit-lamp microscope camera has been de- 
signed with a daylight spectral emission, a non- 
stroboscopic flash unit, and a wide aperature lens sys- 
tem that permits high magnification color pho- 
tography of transparent tissues of the human cornea, 
crystalline lens, lens capsule, and lens nucleus in sec- 
tion. Illus., 2 ref. 


@ = Instrumentation 
New Signal Corps Night Aerial Photo System 


The U.S. Army Signal Corps has announced de- 
velopment of the “‘Night Hawk,"’ a new photo- 
reconnaissance system designed to give commanders 
accurate low-level aerial photographs of enemy 
territory during the hours of darkness. The Night 
Hawk, or night drone patrol, is a small radio-con- 
trolled RP-71 pilotless aircraft, equipped with the 
new lightweight KA-28 camera and an automatic 
flare ejector. 

The KA-28 camera weighs 15 lb and the photoflash 
ejector and cartridges weigh 11 |b, for a total drone 
payload of only 26 lb. This is far lighter and much 
less costly than comparable equipment used in manned 
aircraft. The camera does not have an ordinary type 
of shutter, the lens being uncovered automatically 
when photography starts and covered after a series of 
pictures have been taken. The film records a picture 
as each photoflash ignites after being fired from the 
ejector. Photoflash firing is timed so that a terrain 
strip 5 miles long and '/. mile wide can be photo- 
graphed in less than '/2 min. The fourteen separate 
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exposures on the continuously moving 20-ft roll of §- 
in. film overlap each other by about 20 per cent. 

The camera was designed and developed by the U.S. 
Army Signal Engineering Laboratories, Fort Mon- 
mouth, N.J., and built by Fairchild Camera and 
Instrument Corp., Syosset, N.Y. 


A Seeing Compensator Employing Television Techniques 


John H. DeWitt, Robert H. Hardie, and Carl K. Sey- 
fert, Sky and Telescope, Vol. 17, pp. 8-9 (1957-58). 


A brief description and discussion of a ‘‘seeing” 
compensator which incorporates closed-circuit tele- 
vision and a 24-in. reflector telescope. The system 
yields image intensification and enhanced contrast, 
and compensates electronically for the movement of 
the planetary image. A 35mm camera is used to 
photograph the image. The device has been used to 
obtain pictures in which faint detail is discernible 
with much better clarity than in direct telescope view- 
ing. Illus. 


Tracking Camera Photographs Details of Missile Flight 


George L. Christian, Aviation Week, Oct. 28, 1957, pp. 
110, 111, 114. 


A summary of the new Recording Optical Tracking 
Instrument (ROTD) Mark II, develo d by the Perkin- 
Elmer Corp., Norwalk, Conn., for the U.S. Air Force. 
This is a telescopic tracking camera capable of photo- 
graphing an Atlas I intercontinental ballistic missile 
rom a distance of more than 100 miles. The high 
magnification combined with rapid sequence photog- 
raphy permits recording of such missile behavior as 
engine gimbaling, booster rocket ine og and 
multistage disengage, even at high altitudes. The in- 
strument consists of a 24-in. aperture, primary ob- 
jective telescope, sighting telescopes, 70mm camera, 
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controls, and associated equipment. The unit weighs 
8 tons and is mounted on a 5-in. naval gun mount. 


Illus. 


Camera Ready to Track Soviet Satellite 


Russel Hawkes, Aviation Week, Oct. 28, 1957, pp. 123, 
127. 


A brief description and discussion of the first of 12 
tracking cameras intended for the satellite tracking 
stations of IGY Project Vanguard. The optical sys- 
tem of the camera consists of a 31-in. spherical mirror 
and a 20-in. correcting plate constructed of three lens 
elements. The center lens is made of different glass 
than the two outer elements. Chromatic aberration 
has been reduced to zero for three wavelengths. The 
film frames measure 2 X 12 in. Illus. 


A Two-Camera Technique for Measuring Fall Velocities 


R. H. Magarvey, J. Sci. Instr., Vol. 34, pp. 508-509 
(1957). 


A photographic technique is described that affords 
data on several phenomena associated with freely fall- 
ing drops. An essential feature of the technique is a 
two-camera shutter designed to obtain photographs 
of the falling drop at two fall distances. Velocities 
are calculated from displacement and time data that 
appear on the photographs. _IIlus., 5 refs. 


Cathode-Ray Recorder Compares Transients 


C. W. Hargens, Electronics, Engineering Edition, Vol. 
31, pp. 84-87 (1958). 


Selected portions of the time-base lines of different 
channels can be related and examined and the sweep 
speed recorded. Closely-grouped cathode-ray tubes 
for each of 12 channels are photographed on 4 X 5-in. 
film. A projector, located in a reading desk, enlarges 
the resulting film negative images to twice the disler 
size and presents four images simultaneously. Illus. 
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The Reconnaissance Drone—Present Weapon with a 
Future 


George Cornelius, U.S. Naval Inst. Proc., No. 656, 
Vol. 83, pp. 1093-1097 (Oct. 1957). 


Until recently, development of photographic aerial 
reconnaissance systems has been concentrated on 
manned aircraft. Now, adequate results for most 

hotographic reconnaissance needs can be obtained 
a means of unmanned aircraft, or drones. The po- 
tential uses of the reconnaissance drone are quite ex- 
tensive. Of most immediate usefulness is its ability 
to supply ready photographic reconnaissance to close- 
by ground troops in all kinds of weather. Illus. 


e = Illumination 
Data-Recording Xenon Flashlamp 


Edward A. Colson and Harold E. Edgerton, J. SMPTE, 
Vol. 66, pp. 616-618 (1957). 


This paper describes the FX-4 electronic flash tube 
which is designed primarily for use in modern military 
aircraft for photographic recording of moving dials, 
etc. The FX-4 is explosion-proof, waterproof, and 
capable of withstanding aircraft shock and vibrations. 
The lamp is encapsulated in an epoxy resin, permitting 
the tube to be operated at altitudes of 70,000 ft or 
submerged in water, and it is resistant to extreme 
temperature variations. Typical examples of its ap- 
plications are described. Illus. 


A Gas Target and Nuclear Plate Camera 


D. L. Booth, R. S. Hiel, F. V. Price, D. Roaf, and G. 
L. Salmon, J. Sci. Instr., Vol. 35, pp. 24-26 (1958). 


A windowless gas target capable of maintaining a 
pressure of 2mm of mercury has been constructed to 
determine the differential cross-section of charged 
particle reactions. Targets of this type have been used 
to examine (d, p) and (d, a) reactions in the range 15 
kev tol mev. Illus., 4 refs. 


Multiple Source Schlieren System 


The Task Corp. of Anaheim, Calif., has announced a 
multisource Schlieren system with which photo- 
gtaphs of good definition can be taken of any predeter- 
mined plane. This allows observation of density 
gradients in a single plane perpendicular to the axis of 
light. The main focusing element is a folded Schmidt 
system that consists of an 18-in. spherical mirror, a 
24 X 19-in. elliptical flat, a 20-in. Schmidt corrector 
plate, and a field flattener plate. A xenon high- 
pressure arc lamp is the primary light source. It is 
mounted before a reflector that has a half-angle cone 
of 50°. The system includes support pedestals, the 
high-intensity light source with power supply and 
controls, the focusing system, still cameras, motion- 
picture and high-speed cameras, and a TV relay sys- 
tem. 
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OPTICAL SYSTEM OF SIMPLIFIED MOVIE PROJECTOR 


REFLECTOR Lame CONDENSER LENS GATE OBJECTIVE LENS 


New “Tru-Flector”’ Electric Lamp 


A new type of electric lamp, with a built-in re- 
flector and sharply focused beam that makes it resem- 
ble a miniature lighthouse beacon, has been introduced 
by Sylvania Electric Products, Inc. An immediate 
application of the new lamp will be in motion-picture 
projectors, and there are other potential uses in 
automatic controls, infrared heating and microscopy. 

In the photographic industry, the Tru-Flector lamp 
should permit the development of projectors that are 
steamlined and lightweight as well as powerful. 
Positioning of a silvered metal mirror within the 
compact lamp simplifies the projector optical system 
since it eliminates the need for external reflectors and 
condensing lenses that are standard equipment in 

t projectors. 

The rated average life of the lamp is 15 hr with a 
minimum rating of 95 screen-lumens. The lamp uses 
150 w at 115 v, burns base down and has a horizontal, 
coiled filament. 


Practical Applications of Mercury Short-Arc Lamps 
E. W. Beggs, I/lum. Eng., Vol. 53, pp. 22-30 (1958). 


The arc of a mercury short-arc lamp is a ‘“‘ball of 
light’’ which is about ten times as bright as a tungsten 
filament and which approaches the intrinsic brightness 
of a high-intensity carbon arc. The color and bril- 
liance are quite uniform but greatest brightness occurs 
in the vertical core, and bright white spots develop at 
each electrode surface. The light is whiter than that 
of mercury lamps used for general lighting service due 
to the high operating vapor pressure. Bands of high- 
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energy ultraviolet radiation are emitted. The 5461-A 
line can be isolated when monochromatic light is 
needed. 

Short-arc mercury lamps are used in searchlights, 
instruments, and image projectors, and also in photo- 
chemistry and photoprinting. Illus. 


Double-Flash Light Source 


Edgerton, Germeshausen and Grier, Inc., 16 
Brookline Ave., Boston 15, Mass., has developed a 
sub-microsecond flash unit for silhouette photog- 
raphy, a precise but simple instrument for the measure- 
ment of the velocities and patterns of air shock waves 
produced by explosives or by objects moving up to 
8,000 ft per sec. 

The measurement is made photographically with a 
point light source which flashes twice at accurately 
timed intervals ranging from 0 to 100 msec. Two 
superimposed exposures, silhouette or shadow, are ob- 
tained in this manner on the same film frame. The 
image separation divided by the time elapsed between 
exposures as preset on the instrument equals the 
average object velocity. 

An 8 X 8-in. plastic Fresnel field lens is mounted at 
one end of the unit for silhouette photography. It 
can be removed and another optical element sub- 
stituted for collecting the light. The equipment can 
be adapted also for single-exposure photography by 
either of the two flashes. 

The entire electronic control equipment and optical 
system are contained in a 12 X 10 X 20-in. metal case 
that weighs 45 lb with all components. 


How To Make Extremely Energetic Sparks for 
High-Speed Photography and Other Purposes 


C. L. Strong, Sci. Amer., Vol. 197, pp. 148-160 (1957). 


H. C. Early and E. A Martin at the University of 
Michigan have succeeded in concentrating about half 
the peak current of a major lightning stroke in a hait- 
thin path '/2 in. long that offers appreciable electrical 
resistance to the discharge. In one arrangement, the 
gap is immersed in water and the spark initiated 
through a fine wire which explodes when power is 
applied. In a second method, the essential increase 
in the resistance of the _— channel is achieved by 
recessing a pair of wire electrodes in the face of a cer- 
amic block and covering them with a second block. 
This confines the discharge to the thin space between 
the blocks. Illus. 


Luminescence 


H. G. Jenkins, J. Television Society, Vol. 8, pp. 261-22 
(1957). 


A somewhat detailed treatment of luminescence and 
its application to light sources and lighting. Also 
covered is cathodoluminescence and electrolumt 
nescence and the preparation of phosphors. Photo 
os and light amplification applications are also 

iscussed. Illus., 15 refs. 
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e New Materials 
Fast Color Film for Industrial Motion Pictures 


Super Anscochrome, Daylight Type, ten times faster 
than Anscochrome, is now available in 16mm, 35mm, 
and 70mm sizes, according to the manufacturer, Ansco, 
Binghamton, N. Y. It has an exposure index of 100 
with normal processing and may be forced in proc- 
essing to yield an effective exposure index of 200. 
Super Anscochrome Film in 70mm width is suitable 
for cameras used in missile tracking as well as for 
other rapid-sequence-type photography. 


Super Anscochrome, Tungsten Type 


Ansco has also announced Tungsten Type Super 
Anscochrome, which has an exposure index of 100 
with normal processing. The extreme sensitivity of 
this film makes color photography by candlelight 
possible, and the ordinary kitchen match is said to 
produce enough illumination to permit satisfactory 
picture taking. The film is balanced for 3200 K 
illumination; an 85B filter is recommended for day- 
light photography. The film gives good color re- 

oduction, and has wide latitude. Initially, the 

m will be supplied in 20-exposure 35mm size only; 
120 roll film will be available later. 


Ansco Recording Film FPC 42-1 


Ansco Recording Film FPC 42-1 is a blue-sensitive 
material originally developed for airborne recording 
and rapid processing of radar-scope line-scan presenta- 
tions. It is now being made available for other photo- 
recording purposes that require a high-resolution, 
rapid-processing film. 

The film may be used to record the emissions of P-5, 
P-11, or P-16 phosphors, or the ultraviolet or blue 
components of P-4 (all types), P-7, P-14, P-15, or P-22 
phosphors. The film has given ne pig in wite- 
photo receiving equipment operated at normal set- 
tings. Exposure indexes are 20 Daylight and 6 
Tungsten. 


New Kodak Panalure Paper 


Kodak Panalure Paper E has been announced by 
Eastman Kodak Company. It is a panchromatic en- 
larging paper for making black-and-white prints from 
color negatives. 

Panalure paper is supplied on double weight stock 
with an E surface (grained, lustre, semi-matte, white). 
It may also be used for contact printing from Koda- 
color and Ektacolor negatives. The paper is bal- 
anced for tungsten light printing and a correction 
filter is needed with most fluorescent-lamp or cold- 
light enlargers. 

The recommended development time is 90 sec in 
Kodak Dektol Developer (1:2), and the useful range 
of developing times is from 1 to 3 min. The new pa- 
per will be supplied in six standard sizes from 5 X 7 
in. to 20 24 1n. 
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Polaroid Color Film 


The Polaroid Corp., Cambridge, Mass., has an- 
nounced development of a diffusion-transfer process 
for making full color prints with Polaroid Land Cam- 
eras. However, basic techniques must be explored 
before manufacturing facilities can be planned and it is 
not known at this time when the new color material 
will be ready for the market. 

It is understood that the Eastman Kodak Company 
has been granted a contract which authorizes Eastman 
to study production techniques and develop methods 
for manufacture. 


Non-Silver Processes 
Nucleation and Growth in a Photosensitive Glass 
R. D. Maurer, J. Appl. Phys., Vol. 29, pp. 1-8 (1958). 


The nucleation and growth of particles can be inde- 
pendently determined by simultaneous measurement 
of two quantities having different functional de- 
pendencies — particle number and size. Light 
scattering and optical absorption are the two quan- 
tities chosen to observe the precipitation kinetics of a 
gold colloid. When an exposed photosensitive glass 
is treated at high temperature, gold precipitates on a 
‘‘fixed’’ number of sites. Illus., 13 


Electrophotography on Photoelectrets 


V. M. Fridken, Kristallografiya (in Russian), Vol. 2. 
pp. 130-133 (1957). 


A method is described for producing electrophoto- 
graphic images on mono- and polycrystalline sulfur 
and on monocrystalline anthracene. Examples of the 
images are reproduced. A sensitometric method of 
investigating photoelectret state is suggested. [R. F. 
S. Hearmon, Abstract No. 10,000, Physics Abstr., Vol. 
60, p. 912 (1957). | 


Electrophotography on Luminophors 


V. M. Fridken and T. N. Gerasimova, Doklady Akad. 
Navk. S.S§.S.R., Vol. 113, pp. 571-572 (1957). 


The formation of images on paper or metal surfaces 
coated with a photoconductive luminophor has been 
investigated. The luminophors used were (CdS, ZnS) 
Cu with a maximum photoconductivity at a wave- 
length of 40 my suspended in a thin layer of phenol- 
formaldehyde resin. 

The layer surface was charged with a corona dis- 
charge in the air from a system of thin tungsten wires 
connected to the negative pole of a high-voltage recti- 
fier. The negative charge and its distribution on the 
surface were measured with a dynamic electrometer, 
and required several minutes for dissipation, depend- 
ing on the luminophor used and its content in the 
binder. When brightly illuminated, the charge was 
dissipated in a small fraction of asecond. If an image 
was projected upon the layer with a 200-w lamp, the 
charge was dissipated at a rate which depended on the 
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illumination, and the residual surface charge dis- 
tribution corresponded faithfully to the degree of illu- 
mination. The surface was dusted with a colored 
rosin dust (asphalt, colophony, phenol-formaldehyde 
resin), not exceeding 20 yw in size, to which some 
coarser dielectric was added, such as NaCl, so selected 
that the final resin particles would become charged by 
friction opposite to the charge of the image, and fixed 
in position by heat. The hidden image could also be 
directly observed after illumination with light of 
wavelength 365 mu. The maximum luminescence 
was at wavelengths of 550-580 my. Good results 
were also obtained with ZnO or CdS as components of 
the photoconducting layers. [W. M. Sternberg Ab- 
stract No. 16, 109, Chem. Abstr., Vol. 51, (1957).] 


The Electrograph 


R. A. Broding, J. D. Schroeder, and J. C. Westervelt, 
IRE Trans. on Instrumentation, Vol. 1-6, pp. 220-224 
(1957). 


The Electrograph produces a completely processed 
oscillograph record without the use of wet chemical 
development. The recording paper is daylight loaded 
and the completely processed, permanent record is 
ready for use on leaving the recorder. The recording 
does not deteriorate on exposure to bright sunlight. 
Copies can be made directly from the recording by 
— diazo-type copying machines. Illus., 
5 refs. 


A Thin- Window Cathode-Ray Tube for 
High-Speed Printing with Electrofax 


Roger G. Olden, RCA Rev., Vol. 18, pp. 343-350 
1957). 


A cathode-ray tube with a thin mica window has 
been built for contact printing on Electrofax paper. 
Traces have been recorded on the Electrofax paper at 
spot speeds of 44,000 in. per sec. The data obtained 
show that writing speeds of over 10,000 letters per 
sec. are possible. Illus., 1 ref. 


High-Speed Electronic Printer 


Development of print-out equipment which will 
greatly accelerate the electronic processing and print- 
ing of computer data has been announced by Strom- 
berg-Carlson, a division of General Dynamics Corp., 
war the Haloid-Xerox Co. The Model 5000 high- 
speed electronic printer incorporates the Charactron 
Shaped Beam Tube and the Sion Copyflo Printer. 
The device is said to print the output of electronic 
computers at 4,680 lines per minute, five to ten times 
faster than the speed of present electromechanical 
printers. 

In the Model 5000, electrical impulses from the 
computer are translated into a display of numbers, 
letters and symbols by means of the Charactron Shaped 
Tube. Inside the tube, which is similar to a televi- 
sion picture tube, an electron gun shoots its beam 
through tiny shaped openings which form the beam 
into characters. For recording by the xerographic 
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CHARACTRON SHAPED BEAM TUBE 
METAL (7-4NCH DIAMETER) SPLIT 
| (cvtewey) / 


process, these characters are projected by an optical 
system onto the charged surface of a selenium drum. 
The latent images thus produced are developed by 
cascading a dry powder, oppositely charged, over the 
drum, and then printed on continuous rolls of paper. 


e@ Graphic Arts 
Grover Multi-Printer 


Grover Photo Products, Glendale 3, Calif., has 
announced availability of a new multiprinter. This 
is an improved 12 X 20-in. contact printer equipped 
with a pneumatic platen, blower cooling, and a 
Colortran Converter with which the intensity and 
color quality of the light can be controlled. 
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DuPont Photosensitive Plastic Printing Plates 


E. I. DuPont de Nemours and Co., Wilmington, 
Del., has announced development of a photosensi- 
tive plastic printing plate for letterpress use. The 
photopolymer plate is exposed to ultraviolet light 
for about 2 min through a high-contrast negative 
(line, halftone, or combination). Exposed portions 
of the photosensitive plastic are hardened during this 
step. Then a simple water solution washes out the 
unhardened plastic in about 8 min. The result is a 
photorelief plate with depths up to .040 in. The 
plates can be exposed and processed in less than 15 
min. 


e Reproduction and Copying 


Ozalid Automatic Microfilm Reader, Enlarger and 
Processor 


The ‘“‘Micromatic,’” a fully automatic viewer- 
enlarger-processor which produces 18 X 24-in. work- 
ing prints from unitized microfilm, has been intro- 
duced by Ozalid Division of General Aniline & Film 
Corp., Johnson City, N.Y. The Micromatic auto- 
matically delivers stabilized high-quality prints in 
less than a minute. The paper prints can be made 
from the microfilm image on Actifilm, Ozacard, or 
aperture cards up to 3'/4 X 7*/s in. and can be either 
on standard weight paper or on translucent paper. 
The translucent paper may be used as an intermediate 
for producing additional copies on standard white 
print equipment. 

Magnification is 20X for viewing and 15% for 
enlarging and the viewing screen measures 24 X 36 in. 
The 500-w light source is blower-cooled for film pro- 
tection. The complete unit weighs 700 lb, is 65 X 
40 X 42 in. and operates on 110 v, 60 cycle ac. 


Kodak Verifax Bantam Copier 


Eastman Kodak Company has introduced a com- 
pact, 14-lb office copier which accepts originals up 
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to 8'/2 X ll in. The unit measures 13'/, & 177/s in. 
Up to five copies of typed, drawn, written, or printed 
originals may be made with one exposure at a cost of 
about 2'/2 cents per copy. Intermediates or masters 
can be made on Verifax Translucent Copy Paper for 
use in diazo-type printers. Offset masters may also 
be produced for office-type duplicators. 


A New Photocopier 


The manufacturers of the Contoura-Portable Photo- 
copier have introduced the Contoura-matic, a con- 
tinuous photocopying machine. A feature of the 
new machine is the plastic cartridge in which the 
processing liquid is premixed, and snapped into place. 
The cartridge feeds the machine automatically, and 
thus the processing liquid does not come in contact 
with air until it is used. The plastic container is 
sealed with a clip for disposition of exhausted de- 
veloper. 

The new machine is 15 X 6 in. and weighs less 
than 12 lb. It produces a single copy in 25 sec and 
four copies in a minute. The copies may be made on 
white, colored, or transparent paper, film, and card 
stock from blueprints, reports, charts, etc. The 
Contoura-Matic is manufactured by F. G. Ludwig, 
Inc., Old Saybrook, Conn. 
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Optics 
Applications of the Interference of Light in Thin Films 


P. M. Van Alphen, Philips Tech. Rev., Vol. 19, No. 2, 
1957-58 (published Aug. 24, 1957). 


By a suitable combination of high-reflection and 
low-reflection layers, light-interference effects can be 
enhanced and nearly perfect mirrors prepared which 
transmit one region of the visible spectrum and re- 
flect another (dichroic mirrors). The production of 
such layers by sublimation in vacuum and the applica- 
tion of dichroic mirrors in color television are dis- 
cussed. [Illus., 3 refs. 


Plastic Lenses 


L. D. Bronson, Modern Plastics, Vol. 35, pp. 118-121, 
240, 242-243 (1957). 


A brief report on the several materials and many 
techniques used in the making of plastic lenses. The 
author states that the plastics most commonly used 
for lenses are the acrylics, cellulose acetate, styrene, 
vinyls, polyesters, and the allyl compounds. Men- 
tion is also made of the Fresnel-type lens manufac- 
tured by the Eastman Kodak Company from a flat 
sheet of butyrate, pressed in a special brass mold. 
The mold is cut with circular grooves, 200 or more to 
the inch. Although the lens is a flat sheet, it per- 
forms precisely as do regulation curved-glass photo- 
graphic lenses. A valuable list of 18 plastic-lens 
manufacturers and their products and trade names is 
included. Illus. 


The Adjustment of Optical Systems 


W. S. Blaschke, J. Sci. Instr., Vol. 34, pp. 392-393 
(1957). 


The most efficient method of adjusting an optical 
system to satisfy prescribed Gaussian conditions is 
given. Additional formulas relate such adjustments 
to errors present in the components of the system. 


Optical Tester for Testing the 
Quality of Lenses and Mirrors 


Ann Arbor Optical Co., Ann Arbor, 
Mich., has developed an optical tester 
which is based on the method intro- 
duced by V. Ronchi and M. Lenouvel. 
In this method, a lens or mirror is 
illuminated through a grating placed 
near the focal plane and the reflected 
image of the grating observed. If 
the lens or mirror is well corrected, 
the shadow lines or fringes are 
straight, parallel and equidistant; if 
it is of poor quality, the fringes have 
a complex form that varies accord- 
as, the position of the grating. 

he Optical Tester can be hand- 
held for a casual inspection of 


PS & E, Vol. 2, 1958 


mirrors and lenses. However, for accurate measure- 
ment of focal length or a critical analysis, it should 
be fixed in. position. 


A New Optical Lens Testing Bench 


James R. Ullom, Sylvania Technologist, Vol. 10, pp. 
115-117 (1957). 


A new lens-testing bench for optical image analysis 
is described and its advantages indicated. A discus- 
sion of the simplified operation and greater flexibility 
of this new design follows a brief review of earlier 
systems. Included are photomicrographs of images 
obtained with a 50mm f/3.5 photographic lens, 
The computed image patterns for this lens are shown 
for comparison. Illus., 4 refs. 


e@ Processing Equipment and Techniques 


A Multipurpose, Continuous Processing Machine for 
Instrumentation Photography 


D. S. — JSMPTE, Vol. 66, pp. 480-483 (Aug. 
1957). 


The transportable Type T-246 Mark 3 Automatic 
Tri-Film Processor offers automatic programming, 
ready adaptation to various processing techniques, 
automatic and leaderless loop formation, and small] 
size. The machine can be adjusted in a few minutes 
to process and dry four tracks of 16mm, two of 35mm, 
or one of 70mm film at speeds up to 6 feet per minute. 
Illus. 


@ Projection 
Magnetic Tape Controls Projector Synchronism 


James N. Whitaker, Electronics, Vol. 30, pp. 143-145 


(Sept. 1, 1957). 


A power-frequency control signal and the motion- 
picture sound signal share a dual-track tape to secure 
synchronization of the picture and sound. A syne 
signal from the projector supply line modulates the 
tape through a filament transformer and auxiliary rec- 
ord head without erase or bias. During projection, 
the amplified control signal is fed to a synchronous 
motor that is coupled to the projector power train. 
An auxiliary motor acts as a synchronous brake on 
the projector which is adjusted slightly above frame 
rate. Illus. 


e Sensitometry 
A 16mm Process Control Sensitometer 


Geo. W. Colburn, JSMPTE, Vol. 66, pp. 552-54 
(Sept. 1957). 


A sensitometer of the intensity-scale type is de 
scribed which exposes a full 16mm frame for each 
density step. The light source is modulated by 4 
series of apertures giving Log E steps of 0.10. The 
unit is capable of exposing a single strip of 24 frames 
or a continuous 200-foor roll. Illus., 2 refs. 
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Low Temperature Reciprocity Failure of Photographic 
Emulsions and the Temperature Dependence of 
Sensitivity 


G.C. Farnell, J. Opt. Soc. Amer., Vol. 47, pp. 843-849 
(Sept. 1957). 


The observation of Biltz that, under certain condi- 
tions, reciprocity failure occurs at low temperatures 
(e.g., —196 C) has been confirmed. The failure is 
only of the high-intensity type and is restricted to 
emulsion-developer combinations of relatively low 
sensitivity, and in particular, to surface image de- 
velopment of non-sensitized emulsions. At —196 C, 
the effect is exhibited most readily by silver bromo- 
iodide emulsions. Illus., 11 refs. 


Some Effects of Turbulence on Photographic Resolution 


A. G. Smith, M. J. Saunders and M. L. Vatsia, J. 
Opt. Soc. Amer., Vol. 47, pp. 755-757 (Aug. 1957). 


Laboratory experiments have shown that the ex- 
tent to which localized air turbulence degrades photo- 
graphic resolution is markedly dependent on the loca- 
tion of the disturbance along the optical path. These 
experiments also indicate that XH mean resolving 
power under such conditions increases with shutter 
speed. Comparable measurements made over out- 
ise ranges under average daytime conditions show 
that resolution increases with shutter speed at short 
distances, but becomes essentially independent of ex- 

sure time when the optical path is very long. II- 
3 refs. 


On the Effect of Granularity on Dynamic Range and 
Information Content of Photographic Recordings 


Leo Levi, J. Opt. Soc. Amer., Vol. 48, pp. 9-12 (1958). 


The granularity of a photographic image sets a 
threshold below which a signal is not detectable. 
Granularity thus acts as a limiting factor on dynamic 
range. Granularity data of photographic emulsions 
ate used to determine the minimum usable spot size 
when the dynamic range or the discernible gray steps 
of the recording is specified, or the resulting dynamic 
range, if the resolution element size is specified. 
A brief analysis is made of the information content 
as affected by the element size; i.e., scanning-spot 
size. Illus., 6 refs. 


Variation of Photographic Resolving Power with 
Lateral Chromatic Aberration 


John M. O'Connell, J. Opt. Soc. Amer., Vol. 47, pp. 
1018-1020 (1957). 


Using Kodak Super-XX film, the author investi- 
gated the behavior of resolving power when various 
amounts of lateral chromatic aberration were intro- 
duced into the image of an otherwise diffraction- 
limited lens. The results show that lateral chromatic 
aberration must be carefully corrected in photographic 
lenses which are required to resolve fine detail. 
Illus., 3 refs. 
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Instrument for Selecting Visually Neutral Photographic 
Dye Images 


A.J. Sant and O. E. Miller, J. Opt. Soc. Amer., Vol. 48, 
pp. 4-8 (1958). 


An instrument is described with which an observer 
can select a color film neutral with high precision. 
The visual field of the instrument is circular, bipar- 
tite, 41/.° in visual subtense, and has a dark sur- 
round. The light source accurately simulates a 
blackbody at 4000 K. A high-intensity source in- 
sures that the observer maintains a stable photopic 
adaptation even for film samples with a density of 2.5. 
Illus. 


Intensification of the Photographic Image 
Gerald Oster, Nature, Vol. 180, p. 1275 (1957). 


The author states in a ‘‘Letter to the Editor’’ that 
he has found that the catalytic effect of exposed sil- 
ver halide grains can be increased by a factor of one 
million by utilizing the amplification available in 
chain polymerizations. He further states, that poly- 
merization of vinyl compounds is initiated when 
silver halide crystals struck by light are placed in 
contact with p-aminophenol at pH 8.0. The ex- 
posed crystals without developer will not initiate 
polymerization. 4 refs. 


@ Techniques and Applications 


The Use of High-Speed Photography in the Study 
of Cavitation 


I. S. Pearsall, J. Phot. Sci., Vol. 5, pp. 105-111 (1957). 


Cavitation is caused by the reduction of pressure 
in liquids to approximately the vapor pressure. The 
formation of these cavitation bubbles causes loss of 
efficiency in hydraulic machines and there may be 
erosion damage to the surfaces when the bubbles col- 
lapse. High-speed photography, either by single- 
shot or multi-shot cameras, is one of the most useful 
tools for the study of cavitation. The various 
methods and techniques available are discussed. 
Illus., 8 refs. 


New Dimensions in Autoradiography 


A technical note in Nucleonics for December 1957, 
page 93, describes a new technique which extends 
the as a ptr of autoradiography in plant studies. 
Instead of using a photographic plate to record the 
radioactivity in a leaf, a Russian scientist utilizes 
filter paper onto which the leaf is squeezed, after 
which an autoradiograph of the paper is made. If a 
stack of papers is used, the more remote sheets are 
affected only by the patina of the leaf that have 
plentiful quantities of nonviscous fluids such as sap 
held in cell cavities. The method was described at 
the Paris UNESCO Conference (Abstract No. 150) 
on radioisotopes by its inventor, Z. A. Medveder of 
Russia. 
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Influence of Absorption Discontinuities on 
Radiographs Made With Masking Techniques 


H. K. Herglotz, Nondestructive Testing, Vol. 15, pp. 
356-358 (1957). 


The difficulties in x-radiography arising from the 
characteristic absorption of an imbedding fluid can 
be avoided in some cases by proper choice of solution. 
The explanation of the effect given by F. Regler 
determines the choice of solution. Uniform film 
exposure can be obtained behind samples of constant 
thickness but composed of different layers of alu- 
minum and uranyl nitrate solution. This is true for 
tube voltages up to 100 kvp. _Illus., 4 refs. 


Electronically Controlled Photographic Printing 


Harold W. Cox, Brit. Kinematog., Vol. 31, pp. 133-137 
(1957). 


A brief description of the E.M.I.-LogEtronics series 
of photographic printers which provide automatic 
control of density range when copying from an 
original onto film or paper. The original can take 
the form of single negatives or may be a continuous 
roll of film. Illus. 


Miscellaneous 
Electroluminescence and Image Intensification 


G. Diemer, H. A. Klasens and P. Zalm, Philips Tech. 
Rev., Vol. 19, 1957/58, No. 1, pp. 1-11 (Pub. 27 
July 1957). 


The effect of electroluminescence, exhibited by 
layers of specially prepared ZnS powder activated by 
copper, may be usefully applied for dial illumination 
and the like. Electroluminescent panels are not very 
promising for general lighting purposes since high 
efficiency and high emittance can at present be ob- 
tained only with an electrical supply in the kilocycle 
range and with layers emitting green light. An ex- 
planation of the more important details of the com- 
plicated phenomenon of electroluminescence is pre- 
sented and a brief account is given of the employ- 
ment of the phenomena in solid-state image intensi- 
fiers (amplificons). These may well find important 
— in radar, x-ray fluoroscopy, etc. Illus., 
14 refs. 


Direct Recording Cathode-Ray Tube 


A technical note appearing in Electronic Engineering 
(Great Britain) for August 1957, page 373, Earthen 
a cathode-ray tube with which it is possible to make 
direct recordings on “‘Teledeltos’’ paper. The CRT 
consists essentially of a flat glass plate through which 
a number of wires are passed to form a mosaic. The 
number, or density, of wires can be varied up to a 
maximum of about 100 sq mm. The screen can be 
ground and polished to any desired thickness and the 
glass-to-wire seals are adequate to support the degree 
of vacuum normally used in a cathode-ray tube. 
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It should be noted particularly that the cathode-ray 
tube described uses a non-photographic method to 
obtain recordings. Although it is not specifically 
stated that the tube can be used with a conventional 
photographic process, it is presumed that it can. 


Thin-Screen X-Ray Amplifier 


A new thin-screen amplifier for x-ray viewing was 
recently demonstrated in experimental form to the 
American Roentgen Ray Society by Benjamin Kazan 
of the technical staff, RCA David Sarnoff Research 
Center, Princeton, N.J. The device is an electronic 
amplifying panel comparable in size and thickness to 
present conventional fluoroscopic screens but having 
special capabilities. It provides a stationary display 
of an x-ray image approximately 100 times brighter 
and holds its bright image for extended viewing up 
to 30 sec after a short exposure to x-rays. It in- 
corporates a mew electronic “‘erasing technique.” 
In cases where the x-ray image is to be recorded by a 
camera, the combination of amplifying action and 
long persistence promises to be useful in allowing a 
reduction in x-ray exposure. 

The amplifying panel consists basically of a thin 
‘‘sandwich"’ of two special materials in adjoining 
layers contained between transparent electrodes. 
One of these layers consists of a photoconductive 
powder which conducts current only when it is ex- 
posed to x-ray or light radiation. The other layer 
consists of an electroluminescent material, a type of 


phosphor which emits a bright light when an elec. } 


tric current is passed through it. 

To operate the amplifier, a voltage is applied across 
the ‘‘sandwich”’ structure. When an x-ray pattern 
strikes the photoconductive layer, this material acts 
as an electrical ‘‘valve,’’ allowing the current to 


pass through to the electroluminescent layer, which 
emits light corresponding to the x-ray pattern. 
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Pinhole-Camera Experiment for the Introductory 
Physics Course 


Albert V. Baez, Am. J. Phys., Vol. 25, pp. 636-638 
(1957). 


The pinhole-camera experiment serves as an intro- 
duction to geometrical and physical optics as well as 
the theory and practice of photographic processing. 
Factors affecting exposure, density, and resolution 
may be studied experimentally with this inexpensive 
piece of equipment. Illus., 2 refs. 


A New Automatic Dodging Contact Printer 


The Kel-O-Wat Fluor-O-Dodge Printer is an instru- 
ment which utilizes a known phenomenon of fluores- 
cent materials in a new manner to provide an auto- 
matically controlled exposing light source. The 
printer, a development of the Watson Electronics and 
Engineering Co., Inc., Arlington, Va., operates on 
110 v a-c, uses 400 w, and is available in two sizes, 
Model 9 FL-2C for 9 X 9-in. photography, and 
Model 18 FL-2C for 9 X 18-in. photography. 

Ultraviolet radiation is made to excite a phosphor 
coating uniformly to emit light. By the application 
of varying intensities of infrared radiation the light 
emission of the phosphor coating can be decreased 
in “eum gon to the infrared irradiation. Thus a 
modulated light source is formed by the quenching 
action of the infrared rays. In practice, the nega- 
tive provides the intensity modulation pattern and 
the modulated light source becomes a “‘light posi- 
tive’ of the negative. 


A Review of Television Recording 1946-1956 


L. C. Jesty, Brit. Kinematography, Vol. 31, pp. 87-103 
(1957). 


This paper describes a series of experiments which 
lead to the recording system described by Sarson and 
Stock in British Kinematography for November 1957. 
[See abstract next below.] The basic idea behind 
Sarson’s and Stock’s final system and the various 
systems which have been explored by Jesty and others 
— period under review are described. Illus., 20 
refs. 


A New Approach to Telerecording 


A. E. Sarson and P. B. Stock, Brit. Kinematog., Vol. 
31, pp. 119-131 (1957). 


It is postulated that a higher quality picture should 
be recorded than that subsequently required for 
fetransmission, a principle analagous to the high- 
quality camera-negative technique which has de- 
veloped in standard motion-picture practice. This 
method has been coupled with another feature which 
allows the lower standard television signal required 
for direct broadcasting to be ‘‘sampled’’ out of the 
higher definition signal being recorded at the same 
time. Illus., 7 refs. 
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AO Micro Opaque Reader 


The new AO Micro Opaque Reader has been an- 
nounced by the American Optical Co., Instrument 
Division, Buffalo 15, N.Y. It is a high-speed reader, 
said to be versatile and efficient, and will accept every 
known type of card that carries micro data. 

The AO Micro Opaque Reader utilizes an opaque 
reading screen which is said to offer greater eye-read- 
ing comfort than the conventional translucent screen. 
Other features are: three interchangeable objectives 
(23X, 20X, 15X), a cast-steel frame, assuring per- 
manent optical alignment, a cooling fan minimizing 
danger of heat damage to cards, a knurled focusing 
knob easily accessible to the operator, and an 1l- X 
125/;-inch opaque screen set at a 15-degree reading 
angle. Cards up to 9 inches in one dimension and 
unlimited in the other may be placed in position and 
moved from frame to frame. 

The reader is portable and weighs 23 pounds. The 
over-all height is 22!/2 inches, base width, 19'/2 
inches, and depth, 13'/2 inches. The reader uses 
either a 200-watt or 300-watt projection lamp and 
operates on 120-volt 60-cycle ac. 


Two-Color Additive Process 


[In What's Ahead?| Lloyd E. Varden, Modern Phot., 
Vol. 22, No. 3, pp. 44, 46 (March 1958). 


The two-color process of Edwin H. Land consists 
of taking two black-and-white negatives simul- 
taneously, one through a red filter and the other 
through a green filter. Positives made from the 
negatives are then projected in register onto a screen, 
the red-filter picture through a red filter and the green- 
filter picture without a filter. It is stated that this 
creates, from red and white light only, a faithful 
reproduction of the original scene in all its colors. 
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Department of Defense Photographic Standardization 
Plans 


Philip M. Cowett, JSMPTE, Vol. 66, pp. 535-537 
(Sept. 1957). 


The 82nd Congress enacted Public Law 436, known 
as the ‘Defense Cataloging and Standardization Act,”’ 
which enjoins the Armed Forces to standardize to the 
maximum extent practicable. Public Law 1028 of 
the 84th Congress reaffirmed the intent of the pre- 
vious Act. This paper discusses the steps being taken 
by the Department of Defense to carry out the pro- 
visions of the Act. Examples in the projection- 
equipment field are presented. Illus. 


Subjective Colour for Television 


C. E. M. Hansel, Wireless World, Vol. 63, pp. 508-509 
(Oct. 1957). 


A brief report on experimental film based on the 
Benham’s-top principle. By using techniques based 
on this principle, it is possible to construct cinemato- 
graph films, which, on projection, will appear 
colored. Illus. 


Further Data on Infrared Transparency of Magnetic 
Tracks 


George Lewin, JSMPTE, Vol. 66, pp. 760-763 (1957). 


The first report on the discovery of the infrared 
transparency of magnetic tracks was published in 
the Teotelaier 1957 Journal of the SMPTE. In this 
progress report the author discusses further tests, 
the effect of the thickness of the magnetic oxide 
deposit upon its transmittance, and the results of 
intermodulation measurements on a 35mm reproducer 
converted for utilization of the transparency effect. 
Films which demonstrated the application of the 
phenomenon for bilingual and stereophonic record- 
ings, and the modification of a projector for the use 
of such films, are described. Illus. 


Thermal Camera Utilizes Infrared Radiations 
Anon., Elec. Eng., Vol. 76, pp. 1109-1111 (1957). 


A brief description of the new Far Infrared Camera 
recently disclosed by R. B. Barnes. The camera de- 
tects infrared radiation and converts it into black- 
and-white photographs by means of a scanning 
system. 


A Pneumatic Apparatus for Measuring the Flatness of 
Photographic Plates 


J. C. Evans and I. G. Morgan, Microtecnic, Vol. 11, pp. 
170-172 (1957). 


The apparatus described in this paper was designed 
at the National Physical Laboratory for the testing 
of sensitive photographic plates for flatness without 
exposing them to light and without touching the 
emulsion. The apparatus is an application of the 
pneumatic principle of gauging. Illus., 2 refs. 
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A 20-Foot Ebert Grating Spectrograph 
G. W. King, J. Sci. Instr., Vol. 35, pp. 11-14 (1958). 


Describes the design and construction of a new 
high-resolution spectrograph for the visible and ultra- 
violet regions of the spectrum. The optical system, 
due to Ebert, uses a plane diffraction grating in con- 
junction with a spherical mirror as collimator and 
camera. Illus., 7 refs. 


“Eyetron,”’ Device which Sees by Means of Microwaves 


Diamond Antenna and Microwave Corp., Wake- 
field, Mass., has announced completion of a demon- 
stration model of the Eyetron, a device which con- 
verts radio waves into visible light, thereby produc- 
ing life-like images of objects and scenes illuminated 
by microwave energy. 

Full pictures of objects and scenes are displayed 
instantaneously and continuously, corresponding in 
every detail to that which would be seen by the 
human eye under ideal seeing conditions. It is able 
to ‘‘see’’ through fog, rain, snow, and other condi- 
tions which obstruct normal visibility. In addition, 
through variations in the electronic circuitry, special 
effects and applications can be achieved which are 
impossible with optical systems. Essentially, these 
include change df pa contrast, suppression of 
background, inversion of the image, and controlled 
distortion (reduction or expansion) of the image. 


Solid State Image Amplifiers 


G. F. J. Garlick, J. Sci. Instr., Vol. 34, pp. 473-479 
(1957). 


Recent developments in solid state image devices 
using photoconductors and electroluminescent phos- 
phors are described. The simplest device uses a 
thin homogeneous phosphor layer between trans- 
parent electrodes, while more complex amplifiers 
use a combination of photoconductor and phosphor 
layers. By using alternating applied fields, micro- 
crystalline photoconductors and phosphors dispersed 
in dielectric films may be ond. The solid state 
amplifier offers possibilities for image conversion in 
the infrared up to 6 microns, in the ultraviolet and the 
x-tay regions. Illus., 6 refs. 


Colorimetric Characteristics of Color Television Images 
Recorded on Black-and- White Film 


William L. Hughes, Iowa State College Bul., Engineer- 
ing Experiment Station, Bul. 180, Vol. 55, p. 30 
(March 13, 1957). 


Three systems of recording color television images 
on black-and-white films have been developed and 
the special problems involved in their application 
are considered. The somewhat special film spectral 
sensitivity function is discussed. Possible taking 
primaries are discussed, and appropriate Wratten 
filters are chosen to fit these taking primaries. 
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«Patent Postscripts 


Rosert H. 


Photosensitive Material 


U.S. 2,813,792, Siis, Neugebauer, Béttiger, Endermann, 
& Schafer to Keuffel & Esser Co. 


A layer consisting essentially of small particles 
formed of a metal silicate such as magnesium, cal- 
cium, or zinc silicate is applied as a precoat to paper. 
The preferred particle size is between 0.1 and 1 mu. 
This layer is then overcoated with a suitable sen- 
sitizing solution, for instance one which contains a 
diazo compound as the photosensitive ingredient. 
Improved color and contrast as well as greater fast- 
ness to ink and receptivity to water colors are listed 
as advantages. 


Developers for Photographic Silver Halide 
Papers 


U.S. 2,815,284, Tausch to Photographica G.m.b.H. 


Certain fluorescent compounds of the type com- 
monly known as “‘brightening agents’’ or ‘‘optical 
bleaching agents’’ which absorb ultraviolet radia- 
tion and emit visible light between 4000 A and 5500 
A are added to a developer solution in order to pro- 
duce brighter whites in the developed prints. The 
specific compounds recommended are naa deriva- 
tives of diamino stilbene disulfonic acid as illustrated 
by 4,4’-di(phenylureido)-stilbene-2,2’-disulfonic acid 
and 4,4’-di-(benzamido)-stilbene-2,2’-disulfonic acid. 


Stabilizing Agents for Single Powder 
Photographic Developers 


U.S. 2,816,026, Baxendale, Rasch, & Crabtree to 
Eastman Kodak Company 


The deterioration of single powder developers 
caused by the interaction of the developing agents 
and the alkali is inhibited by the use of a reaction 
product of boric anhydride and an organic anhydride. 
The following mixed anhydrides are recommended: 
boro-acetic anhydride, boro-benzoic anhydride and 
boro-phthalic anhydride. 


Metal Mercury as Fog Inhibitor for 

Photographic Emulsion 

U.S. 2,816,030, Yutzy & Leermakers to Eastman Kodak 
Company 


A dispersion of mercury or of a “‘mercury-gold 
amalgam’’ in a water permeable colloid added to a 
silver halide emulsion reduces fog, particularly under 
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conditions of high humidity. A dispersion of the 
mercury-gold amalgam is prepared by reducing with 
hydrazine hydrate a solution of gold and mercury 
salts in a gelatin medium. The amounts employed 
are small and range from 0.01 to 3 mg. per mole of 
silver halide. 


Antifacing Layers for Black-and-White 
Materials 


U.S. 2,819,165, Mackey to General Aniline and Film 
Corp. 


The image in warm tone paper prints is usually 
composed of smaller than normal silver grains. 
These warm tone images have a tendency to fade and 
change color when exposed to an atomsphere which 
contains sulfur dioxide, hydrogen sulfide, or other 
impurities caused by industrial air pollution. The 
fading is prevented by coating the silver halide emul- 
sion prior to exposure with a gelatin layer which 
contains a water-soluble resinous reaction product of 
a urea and formaldehyde. 


Self Processing Photostat Paper 
U.S. 2,819,166, Goldschein 


This self-processing paper which can be processed 
with water alone contains both the developing and 
the fixing agents, in separate layers. The paper sup- 
port or a special gelatin layer separates the silver 
halide emulsion layer from the developer layer. 
The layer which contains the fixer is contacted on 
both sides by hardened gelatin layers. When the 
exposed paper is immersed in water, the developer 
is dissolved first and migrates to the emulsion layer. 
The action of the fixer is retarded by the hardened 
gelatin layers so that the fixing takes place only after 
the development has been completed. 


Light Sensitive Composition for 
Photomagnetic Printing Process 


U.S. 2,819,963, Hamm to Eastman Kedak Company 


A ferromagnetic iron oxide, such as gamma ferric 
oxide, is uniformly dispersed in a photographic gela- 
tino-silver-halide emulsion which is coated on a suit- 
able support. The photographic emulsion is ex- 
posed and processed to a relief image by either tan- 
ning development or regular development, followed 
by treatment with an etch-bleach bath. The relief 
image thus formed is magnetized or sensed using a 
recording head so that the relief image becomes also 
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a magnetic image. Condition of 250 cycles per sec, 
8 v, 90 ma, and a speed of about 2-3 in. per sec pref- 
erably with contact recording (sensing) are sug- 
gested. The magnetic latent image thus obtained is 
then ‘‘developed”’ to a magnetic visible image using 
finely divided ferromagnetic iron. A suspension of 
this free iron in carbon tetrachloride can be flooded 
over the relief image. The magnetic lines of force 
in the magnetized relief image attract the iron parti- 
cles and hold them firmly in contact with the relief 
image. Regions in the master which are void of the 
ferromagnetic iron oxide matrix are free of develop- 
ing iron. Copies are made by contact transfer, using 
a moist, pressure-sensitive adhesive transfer material, 
such as dye transfer paper, which is slightly moistened 
on the gelatin side and placed in contact with the 
developed master. 

The iron from the surface of the master matrix is 
transferred by gentle pressure to the gelatin surface 
of the dye transfer paper. This record can be pre- 
served by spraying it with a solution of a resin in an 
organic solvenc. 
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Diazotype Materials with Alumina Pigments 


U.S. 2,807,544, Joseph E. Frederick to General Aniline and 
Film Corporation 


In the past, silica has been used as a rule to enhance 
the density of diazotype images. In this patent the 
addition of aluminum oxide with a particle size of 
less than 5 microns is claimed to yield a density 
increase. The aluminum oxide is added to the coat- 
ing solution. 


Synthetic Polymers for Photographic Emulsions 


U.S. 2,808,331, C. C. Unruh, D. A. Smith, & W. J. 
Priest to Eastman Kodak Company 


Small amounts, not exceeding 2.5 mole per cent, 
of vinyl-cyanoacetate or allyl-cyanoacetate are ap- 
pended to polyvinyl alcohol molecules. Emulsions 
prepared from these polymers can be hardened with 
formaldehyde. 


¢ Positions Available and 


Positions Wanted 


Positions Available 


Senior Physicists— 


For a young progressive research and development firm in the field of graphic in- 
formation collection, storage and retrieval for use. 

Must have M.S. degree or equivalent and 7 or more years experience in photo- 
optical design or 5 years experience in photography with emphasis on image evalua- 


tion. 


Write qualifications and experience to Hutson K. Howell, ITEK Corporation, 700 
Commonwealth Avenue, Boston 15, Massachusetts. 


Chemical Engineers— 


For a young progressive research and development firm in the field of graphic in- 
formation collection, storage and retrieval for use. 
Must have B.S. degree or equivalent and 2-4 years experience in photo-chemistry, 


preferably processing techniques. 


Write qualifications and experience to Hutson K. Howell, ITEK Corporation, 
700 Commonwealth Avenue, Boston 15, Massachusetts. 


Members of the Society are invited to make use of this department when omning personnel or positions. 


The space is available without charge. Address inquires to the Editorial Vice 


29-11 Bell Blvd., Bayside, N. Y. 


resident, Peter Krause, 
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